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From Roswell Park Memorial Institute, Biological Station, Springville, N. Y. 


Numerous investigators have measured 
nuclear sizes in both normal and abnormal 
tissues. Their studies have been concerned 
with such general problems as the karyoplas- 
mic ratio and its possible alterations during 
senescence and tumor formation, nuclear size 
changes in tumor tissue, correlation of nuclear 
size with numbers and sizes of chromosomes, 
and rhythmical growth phenomena during in- 
terphase. The older literature covering much 
of this work was reviewed by Wilson(1) and 
the more recent literature has been discussed 
by Hughes(2). The purpose of the present 
paper is to indicate newer methods of analyz- 
ing polymodal frequency distributions of 
nuclear size data. 

Materials and methods. Nuclear size meas- 
urements reported here were obtained from 
adult mouse liver. Ten micra sections of 
formalin (50%) fixed tissues were stained by 


the Feulgen technique(3). Nuclear diameters 
were measured at a magnification of X 360 
using a calibrated micrometer disc. Nuclear 
diameters could be read to the nearest 0.5 p» 
and approximated to 0.25 ». Round nuclei 
usually were selected for measurement, al- 
though slightly aspherical nuclei sometimes 
were measured. In the latter group, the ma- 
jor and minor axes were averaged to give the 
mean diameter. Nuclear volumes were com- 
puted by considering the round or slightly 
aspherical nuclei to be spheres and letting the 
nuclear volume be a function of the radius 
cubed. About 200 interphase nuclei were 
measured in each frequency distribution. 
Results. One method of analyzing poly- 
modal distribution curves was recently de- 
scribed by Forbes(4) and applied by him to 
a distribution of head size measurements in 
Myrmecia. The details of the method are 
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given by him, and the essentials will be ap- 
plied here to nuclear size data. The types of 
information one may ideally obtain with this 
method include modal values, standard devia- 
tions, relative widths, and the maximum 
heights of each of the classes making up the 
polymodal distribution. To obtain the modal 
values, one determines the frequency of meas- 
urements in each group interval. Then, the 
logarithm of the frequency of measurements 
in each group is obtained. The differences of 
the logarithms of successive class intervals is 
plotted against the midpoint values of the in- 
tervals. Any portion of the original data that 
represents a fairly pure random distribution 
about some mean will approximate an oblique 
straight line. The point of intersection of 
each line with the X-axis is the value of the 
mode. 

To obtain the relative widths of each modal 
class, one plots the logarithm of the frequency 
of each group interval against (m-x)*, where 
m is the modal value and x is the midpoint 
value for the group interval. Only those 
points are plotted which produced the differ- 
ences lying closest to the oblique straight lines 
plotted previously. The relative width of each 
distribution is given by 2.3 X slope of the 
straight line obtained in this manner. The 
Y-intercept of this line is equal to the log- 
arithm of the height of the distribution. The 
standard deviation for each modal class is 
obtained from the relation, S. D. = ae 
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FIG. 1. Analysis by Forbes’ method for modal 
values of liver nuclear volume distribution. See 
text for description. Data from (17). 
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(M-x)* 
FIG. 2. Determination by Forbes’ method of 
widths and heights of liver nuclear volume distri- 
bution. The 38 modal classes are indicated. See 
text for description. Same data as in Fig. 1. 
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where k is the relative width of the distribu- 
tion. Fig. 1 and 2 illustrate the procedures 
described above for a sample of nuclear vol- 


umes. Table I summarizes the information 
TABLE I. Data Obtained by Forbes’ Method 
from a Mouse Liver Nuclear Volume Distribution. 
Relative 
Class Mode* width Stand. dev.* Max ht 
1 2S 58 29 20 
2 525 21 49 21 
3 910 153 18 14 


* Values are in 1°. 


obtained from the curves in Fig. 1 and 2. 
The method may give only a rough approxi- 
mation to the true values as there is consid- 
erable latitude in drawing the desired lines. 
Nevertheless, Forbes’ method may prove very 
useful in certain conditions, which will be 
mentioned later. 

Harding(5) described another method of 
analyzing polymodal curves. The method 
was later extended to nuclear size data by 
Hughes(2). The frequency distributions 
which are to be analyzed or compared are 
plotted on probability paper as cumulative 
percentages. It may sometimes be desirable 
to analyze a polymodal nuclear size distribu- 
tion using this plot in order to determine the 
characteristics of the component curves con- 
tributing to the final distribution. In this 
case, the component curves must themselves 
be normally distributed. Helweg-Larsen(6) 
showed that logarithmic distributions of nu- 
clear diameters in mouse liver follow a normal 
distribution curve. A typical probability plot 
of two distributions based on measurements of 
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RELATIVE NUCLEAR SIZES 
FIG. 3. Comparisons of 2 series of data from 


mouse liver (4-mo-old C3H virgin females) plotted 

on probability paper. Data are ecaleulated on 

bases of relative nuclear volumes, areas, and di- 
ameters. Note similarity in curve shapes. 


nuclear diameters is shown in Fig. 3 (Group 
2R). In the same figure, these 2 distributions 
are plotted in terms of area and volume. It is 
apparent that there are negligible differences 
in the shapes and relative positions of 
the curves. Evidence that mouse liver 
nuclear volumes are normally distributed 
is shown in Fig. 4. This figure shows a fre- 
quency polygon of nuclear volumes from 
adult mouse liver. Analysis of the 2 principal 
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modal groups by the probability method gives 
a theoretical distribution which compares fa- 
vorably with the observed distribution for 
most of the points. Since the theoretical 
curve is based on 2 slightly overlapping nor- 
mal distributions, one may assume that the 
analyzed data are samples from normally dis- 
tributed populations. The right extreme of 
the distribution was not analyzed because of 
the irregular shape and small numbers of 
measurements involved. Exclusion of the 
right extreme from the remainder of the dis- 
tribution is not considered to invalidate the 
analysis since there is minor overlap. 


The method of obtaining the theoretical 
distribution shown in Fig. 4 is illustrated in 
Fig. 5. The observed data are plotted on 
probability paper as cumulative percentages. 
It is seen that the curve slope changes and 
approaches a maximum of approximately 
46%. The proportion of the total curve con- 
tributed by the first group is therefore taken 
as 46%, leaving 54% to be contributed by 
the second group. A theoretical normal dis- 
tribution is represented on probability paper 
as a Straight line. It therefore becomes neces- 
sary to draw 2 straight lines which when 
added together in the proportions indicated, 
give the closest fit to the observed bimodal 
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FIG. 4. Frequency polygon of observed nuclear volume distribution and fitted theoretical dis- 
tribution, Same data as in Fig. 1. Theoretical distribution obtained from analysis on probabil- 


ity paper. 
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FIG. 5. Probability plot of data graphed in Fig. 

4. The fitted theoretical distribution is also shown. 

Cumulative percentage scale increases to 99% al- 

though all values are not shown. See text for 

description of procedure to obtain theoretical dis- 
tribution, 


distribution. For cases where the two popu- 
lations are widely separated, the slopes of the 
straight lines tend to follow the slopes of the 
observed populations. If the 2 populations 
are somewhat overlapping, several combina- 
tions of straight lines may have to be drawn 
by trial and error before obtaining a satisfac- 
tory fit. Since the mean values fall at the 
50% probability level, knowledge of the ap- 
proximate means will aid in locating the posi- 
tions of the straight lines. Observation of 
the original frequency distribution will aid in 
locating the region of the means. Two stand- 
ard deviations occupy approximately 68% of 
the entire normal curve. Therefore, nuclear 
sizes between the 16% and 84% levels repre- 
sent + one standard deviation. 

An example of the procedure used in ob- 
taining a point on the theoretical probability 
and frequency polygon curves will be de- 
scribed. Referring to Fig. 5, the class inter- 
val, 150-200 3, represents a 22% difference 
on theoretical curve #1 (straight line curve). 
Since curve #1 is assumed to represent 46% 
of the final curve, the actual percentage dif- 
ference is .46 >< .22 or 10:2)" This, value-is 
then added to the percent difference found in 
the previous class interval to obtain the 
cumulative percent increase on the theoretical 
probability plot. The 150-200 ,° class inter- 
val represents 10.2% of the total number of 


nuclei (110), .102 & 110, or 11 nuclei. This 
value is then plotted on the frequency poly- 
gon shown in Fig. 4. In the region where the 
2 theoretical distributions overlap, the weight- 
ed value obtained at a given class interval for 
one distribution is added to the value ob- 
tained from the other distribution. Widely 
overlapping distributions and peaks repre- 
sented by small numbers of measurements are 
not easily analyzed by this method. In addi- 
tion to its use in analyzing a given frequency 
distribution, the probability method may also 
be used to compare different frequency dis- 
tributions. Nuclear volume distributions from 
4 different mice of similar strain, age, and sex 
are plotted in Fig. 6. Consistency in curve 
shapes and positions for most of the samples 
indicates minor variations between samples. 

The shapes and positions of polymodal fre- 
quency distribution curves plotted on proba- 
bility paper are influenced by such variables 
as the mean, the standard deviation, and the 
proportion of total measurements contributed 
by the component curves. The changes caused 
by these factors are illustrated in Fig. 7. The 
curves are drawn to demonstrate changes in 
curve shapes by the variables mentioned 
above. It would probably be impractical to 
use these types of curves as bases for analyz- 
ing a given distribution. 

Discussion. In some tissues, such as adult 
mouse kidney or adrenal cortex, nuclear sizes 
are very constant, varying about 1 ,» or less 
in diameter in samples of several hundred 


CUMULATIVE PERCENTAGES 


20 = 40 ; 60 60 Lele} 
RELATIVE NUCLEAR VOLUMES 
FIG. 6. Comparisons of liver nuclear volume dis- 
tributions from 4 mice (4-mo-old C3H virgin fe- 
males). Plot is on probability paper. Note sim- 
ilarity in curve shapes and positions. 
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FIG. 7. Theoretical bimodal normal distributions plotted on probability paper. The 3 series 

of curves from left to right show the effect of varying the mean values (stand. deviations are 

each 20% of the means and each unimodal distribution contributes 50% to the final distribu- 

tion), stand. deviations (mean values are at abscissa values of 70 and 100 and each unimodal 

distribution contributes 50% to the final distribution), and proportions of measurements con- 

tributed by each unimodal distribution (mean values are at abscissa values of 100 and 150 and 
standard deviations are each 10% of the means). 


nuclei(7). In liver parenchyma cells, nuclear 
sizes show a polymodal frequency distribution 
with evidence for a geometric relation between 
succeeding peaks(8). It is known that nu- 
clear sizes in many species are closely related 
to the number of chromosome sets per cell 
(1). Cytophotometric evidence by Swift(9) 
showed a good correlation between adult liver 
nuclear volumes and Feulgen-DNA content 
per nucleus. Similar evidence was obtained 
by the writer(10). However, it has been 
demonstrated in some tissues that an increase 
in nuclear size is not necessarily accompanied 
by an increase in DNA content(11). Jacobj 
(12) suggested that nuclear size changes are 
due in part to changes in nuclear sap content. 
It is known that nuclear sizes in mouse liver 
are correlated with the Millon-protein content 
per nucleus(13). 

One must be careful in interpreting statis- 
tical analyses of polymodal nuclear size popu- 
lations in view of the various biological fac- 
tors mentioned above. Presentation of data 
from these populations in the form of a fre- 
quency polygon or histogram is very useful. 
Other methods are available to give additional 


information about the distribution. Modal 
values may be obtained from a simple formula 
discussed in detail by Salvatore(14). The 
method is easily applied when there is little 
doubt which group interval represents the 
modal class. When there are two classes of 
nearly equal frequency in the region of the 
modal point, it is more satisfactory to obtain 
the mode by using the parabolic method(15). 
Other methods of analyzing frequency dis- 
tributions are given by Court(16). Forbes’ 
method(4) of analyzing polymodal distribu- 
tion curves is helpful in obtaining modal val- 
ues in addition to other information (standard 
deviations, relative widths, and maximum 
heights). When Forbes’ method is applied to 
frequency distributions of nuclear volumes, 
accurate results are obtained by using large 
numbers of measurements and many classes. 
An additional method of analyzing poly- 
modal distributions was described by Harding 
(5). This method, which uses probability pa- 
per, was employed by Hughes(2) to show the 
type of curve obtained in a unimodal and bi- 
modal distribution of nuclear diameters. 
Hughes indicated that nuclear sizes in mouse 
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liver are too complex to be analyzed in this 
way. This feeling was based on the marked 
variations obtained by comparing data from 
different workers. However, consistent re- 
sults were obtained by the writer as is illus- 
trated in the present paper (Fig. 6). Hughes 
emphasized that it is better to use the meas- 
ured data for nuclear diameters rather than 
the cubed values for volumes in order to avoid 
increasing errors by raising to higher powers. 
However, the important consideration in 
analyzing a distribution is to use the data in a 
form which follows normal distribution 
curves. Evidence is presented to show that 
nuclear sizes in adult mouse liver are based 
on component normal distributions when 
plotted on a linear, area, or volume basis. 


The types of variations which may change 
the shapes of polymodal nuclear size distribu- 
tions are shown to be mean values, standard 
deviations, and the proportion of total meas- 
urements contributed by each unimodal dis- 
tribution. The successful analysis of a poly- 
modal nuclear size distribution by the proba- 
bility method depends on the complexity of 
the observed distribution. This complexity is 
primarily determined by the degree of overlap 
of the contributing distributions. It is prob- 
ably desirable to omit the data from classes 
higher than class 2 in most analyses of nuclear 
sizes since the frequency of these measure- 
ments is usually very low and they introduce 
further complexity. The degree of overlap 
between the various classes should also be 
considered. The probability method may 
prove very useful in supplementing informa- 
tion obtained in conventional frequency histo- 
grams or polygons. Comparisons of different 
nuclear size distributions may also be made 
by the probability method. 

Summary. Polymodal nuclear size distribu- 
tions may be analyzed in various ways. 
Forbes’ method and Harding’s probability 
method are applied in this paper. These meth- 
ods may serve to supplement each other and 
existing methods in providing useful informa- 


tion about a given frequency distribution. 
1. Forbes’ method of analyzing polymodal 
distributions may give relatively accurate in- 
formation about a polymodal nuclear size dis- 
tribution if a large number of measurements 
and classes are present. 2. Evidence is pre- 
sented to show that nuclear sizes in adult 
mouse liver are based on component normal 
distributions when plotted on a linear, area, 
or volume basis. 3. The probability method 
of analyzing polymodal nuclear size distribu- 
tions may be used to compare different dis- 
tributions. A given distribution may further 
be analyzed by determining the component 
unimodal curves which contribute to the final 
distribution. 


The author acknowledges the assistance of Mr. 
A. Anderson in preparing the charts. 
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Distortion of Ballistocardiograms; Natural Frequency of Oscillation of 


Human Mediastinum at Necropsy.* 
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(21631) 


(Introduced by William Dock.) 


From Department of Medicine, State University of New York College of Medicine, Brooklyn, N. Y. 


Early students of _ ballistocardiography 
noted that the natural frequency of oscillation 
of the human body, when tapped in the head- 
foot plane, was from 3.5 to 6 cycles per sec- 
ond and was the same for living subjects and 
fresh warm cadavers(1-3). The frequency of 
the waves of the ballistocardiograph lies in 
the same range, so that distortion due to in- 
terference of these waves and those of the 
natural oscillation is inevitable except when 
a very light and low frequency platform is 
used for recording. The body, lying on the 
cushions formed by the scapular muscles and 
the gluteal pads, is poorly damped. The de- 
crement from wave to wave of the natural 
head-foot oscillations rarely reaches 80% (in 
emaciated old subjects) and it is usually 40 
to 60%. 

As noted above, this distorting factor is 
largely eliminated when motion is recorded 
from an aperiodic or very low frequency plat- 
form of light weight, but another source of 
distortion of the waves arising in the heart 
and great vessels is the natural frequency of 
the mediastinal mass. If the relatively light 
mediastinal mass is attached to the heavy 
thoracic skeleton by a fibrous sling which is 
not taut but allows the mediastinal mass an 
oscillation which is poorly damped and of low 
frequency, there may occur the same augmen- 
tation or attenuation of the waves of cardio- 
vascular force that has been demonstrated 
when the body transmits forces to a table with 
a high natural frequency. In order to esti- 
mate the possibility of such distortion, the 
natural frequency of the mediastinal oscilla- 
tion has been recorded in cadavers. 

Methods. A photovolt #890 photocell was 
mounted with a shield 2 cm from the face of 
the photocell covering half the face from a 
light beam originating in a pencil-type flash- 


* This work was supported by Grant H 1250 from 
Department of Health, Education, and Welfare, Pub- 
lic Health Service National Institutes of Health. 


FIG. 1. Coronal section through anterior half of 
chest, showing position of photocell, C, light bulb 
in socket on the rod through the mediastinum be- 
hind aorta (A) and pulmonary artery (P). This 
is the setting for recording lateral oscillation, with 
the shield covering right half of photocell; for 
recording dorsoventral motion, the bulb, B, is 
moved to the socket B* and the cell is shown by 
dotted lines, Ct. Positions, B' and C*, are the same, 
but the shield edge is parallel to plane of drawing 
when recording head-foot motion. 


light bulb (Fig. 1). This bulb was mounted 
on a small wooden rod which had been placed 
transversely in the mediastinum through the 
sinus transversus pericardii (7.e. with the left 
auricle behind and the aorta and pulmonary 
artery in front). This was done after reflect- 
ing the thoracic skin flap and resecting the 
third costal cartilage on each side. This gave 
access to the thoracic cavity without seriously 
altering the contents or the thoracic cage. 
The bulb and rod weighed 32 g, and current 
was supplied by delicate wires from a dry 
cell several feet away. The photocell was 
held by a clamp mounted on a heavy base 
resting on the sternum. The photocell and 
shield could be placed so that the signal 
varied only with motion of the light beam in 
the plane perpendicular to the edge of the 
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wt 340 g. Upper curve, head-foot oscillation; 
middle, right-left oscillation; lower, back-front os- 
cillation, In each case the heart was tapped in 
the appropriate plane to set up the oscillations. 


shield. Thus motion could be recorded in the 
head-foot, lateral or dorsoventral plane sepa- 
rately. The voltage generated in the photo- 
cell was recorded by an electrocardiograph 
while the heart was tapped so as to set it in 
motion in the appropriate plane. 

Results. In cold bodies, such as those held 
5 days in the cold room, frequencies were as 
low as 2 cycles/sec. and damping nearly 
100%. In 10 fresh, warm cadavers, the fre- 
quency of oscillation of the mediastinum rela- 
tive to the thoracic cage varied from 5 to Ly 
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sec. Damping varied from 40 to 86% of 
critical, with the average about 65%. Lateral 
motion had the lowest frequency (7.7/sec.) 
and the least damping (61%), head-foot fre- 
quency (8.4/sec.) was greatest, and dorso- 
ventral damping was the best (68%). Fre- 
quency and damping may vary by 40% or 
more from one plane to another, in any sub- 
ject but usually the variation is less than half 
as great as this. 

Discussion. If the waves of the ballisto- 
cardiogram were all of the same frequency 
and lay in the range of the natural frequency 
of the mediastinum (or of the body lying on 
a high frequency table), the recorded force 
could appear anywhere from 50% to 200% 
of the actual force depending on the relation 
of natural and imposed frequencies of oscilla- 
tion. Because the ballistic forces themselves 
produce successive waves varying greatly in 
duration, the actual distortion is never as 
great as this hypothetical maximum. Because 
the mediastinal fibers are long, it seemed pos- 
sible that the natural frequency of oscillation 
might be low. The mass itself is relatively 
small, compared with the body, and the na- 
tural frequency actually is higher than that 
of the head-foot oscillation of the supine 
body. A priori, one would expect the fre- 
quency to be relatively low and damping 
minimal when the anteroposterior diameter of 
the chest is increased by emphysema and 
kyphosis, or the heart hypertrophied and di- 
lated. However, in our 3 cases with the 
heaviest hearts (480-540 g) the average fre- 
quency was 7.8/sec. and average damping 
68% ; in those with the lightest hearts (220- 
340 g) the frequency was 7.6/sec. and damp- 
ing 65%. Apparently in some of our subjects 
with small hearts the greater elasticity and 
lower content of adipose tissue in the medias- 
tinum more than compensated for the low 
heart weight and _ shorter anteroposterior 
length of the mediastinal sling, so that damp- 
ing and frequency were not as high as antici- 
pated. 

These data indicate that distortion of the 
ballistocardiographic forces in transmission 
from the mediastinum to the skeleton should 
be significantly less than that in transmission 
from the thoracic skeleton to a high frequency 


OSCILLATION OF MEDIASTINUM IN CADAVERS 


501 


TABLE I, Natural Frequency of Oscillation and Percentage of Damping per Cyele of the 
Mediastina of Fresh Cadavers when Set into Oscillation by Tapping the Heart. The thoracic 
cage was intact except for resection of the third costal cartilages. 
_—_————————==="_——_—_——————— 

Planes of oscillations 


-~——Longitudinal—_, -———_ Lateral—_———,_ ,—Do rsoventral——_, 
Damping, Damping, Damping, Heart wt, 

Case # Cycles/see %/cycle Cycles/see %/cycle Cycles/see %/cycle g 
Ine ik} ell 65 8.3 70 Holl UD 220 
KC 1 bell 48 8.3 40 — — 270 
N 9 11.0 54 6.2 60 6.2 60 300 
N 16 Teal io fell 70 8.3 55 340 
N 18 10.0 70 Teall 70 10.0 65 370 
INE, sales 8.3 85 9.1 50 9.1 50 380 
INP Salil ifell 55 8.3 7 8.3 65 460 
INE Alb) Thotl 75 Wall 50 fein 80 480 
N 6 10.0 70 10.0 60 8.3 80 520 
IN 12 8.3 60 5.0 60 6.2 80 540 

Mean 8.4 Use 61 7.9 68 388 


table, or to the head or tibiae in direct record- 
ing of head-foot waves, since the latter are 
associated with a natural frequency nearer to 
the ballistocardiographic range, and less ef- 
fectively damped. 

Summary and conclusions. 1. The motion 
of the mediastinum, relative to thoracic skele- 
ton, was studied in cadavers, using photoelec- 
tric recording of oscillations after tapping the 
heart of cadavers with the thoracic cage in- 
tact except for removal of 2 costal cartilages. 
2. In very cold bodies frequencies of the 
mediastinum were as low as 2/sec. and damp- 
ing nearly 100%. In 10 fresh, warm cadavers 
the average frequency of oscillation was 8/ 
sec. and damping varied from 40 to 86% of 
critical with an average of about 65%. Ina 
given subject, there was variation in fre- 
quency and damping in the 3 planes, so that 
forces may not be equally transmitted in these 
planes. 3. Distortion of ballistocardiographic 


forces in transmission from mediastinum to 
skeleton should be less than that in transmis- 
sion from thoracic skeleton to a high fre- 
quency table, or to the head or tibiae in direct 
recording of head-foot waves, because the na- 
tural frequency is not as close to that of the 
ballistocardiographic waves. 


We are grateful to Drs. W. Dock and H. Hultgren 
for assistance in developing this technic and to Dr. 
E. Wedding for permission to work at the Nor- 
wegian Hospital of Brooklyn. 
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Effect of Gonadotropic Hormone on Ovarian Follicles and Serum Vitellin 


Of Fasting Hens. 


(21632) 


Tatsuo Hosopa, TADATSUNE KANEKO, KAzusHIGE MOGI, AND TsuNEO ABE. 
(Introduced by M. Laskowski.) 


From the National Institute of Agricultural Sciences, Chiba-Shi, Japan. 


In normal hens, atresia of the ovarian fol- 
licles occurs when the laying cycle is inter- 
rupted by brooding or molting. Follicular 
atresia can be induced also by administration 
of progesterone(1-3), by injection of peptone, 
casein, egg white, etc.(4-5), or by abdominal 
surgical operations(6-7). It has been sug- 
gested that these various factors operate by 
affecting the function of the pituitary(4-5). 
Large doses of some gonadotropic hormone 
preparations induce hypertrophy of follicles, 
but inhibit rhythmic ovulation(8-10). It was 
found that the appearance of serum vitellin 
(11-12) in circulating blood can be induced 
by administration of gonadotropic hormones, 
whole pituitary, or mare serum(13), but not 
by chorionic gonadotropic hormones. In this 
laboratory it was observed that the decrease 
in serum vitellin and the follicular atresia are 
correlated. Furthermore, it has been recently 
suggested that the serum vitellin is formed in 
the liver and is released into the circulation in 
response to estrogenic stimulation(14). 

It appears that a causal relationship exists 
between the stimulation of the ovary by the 
pituitary, ovarian production of estrogen, and 
serum vitellin production. Our experiments 
were undertaken to provide further evidence 
for such a relationship. 

Material and methods. Two-year-old, 
White Leghorns were maintained in a coop at 
an average temperature of 6°C, with the ex- 
tremes reaching 2° and 10°C. They were fed 
either the standard ration used in our labora- 
tory, or given only water for a period of 7 to 
10 days. GTH (“GONADOGEN”, gonado- 
tropic hormone of pregnant mare serum pre- 
pared by Upjohn Co.) was injected subcu- 
taneously. Serum vitellin was determined in 
wing vein blood by the interfacial precipitin 
reaction(15). Two-fold serial dilutions of the 
chicken serum were prepared with saline. 0.1 
ml of each dilution was layered over an equal 
volume of rabbit anti-vitellin serum, in 2 mm 
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FIG. 1. Effect of starvation on level of serum 
vitellin. Abscissa, days; ordinate, logarithm of 


titer of serum vitellin. starved birds, ----- 
fed control, © =: Ovoposition. ++ = Bird was sac- 
rificed. 


tubes. The tubes were incubated one hour at 
room temperature. If a precipitate was vis- 
ible at the interface, the reaction was consid- 
ered positive. The serum vitellin content was 
expressed in terms of the logarithm of the 
highest dilution giving a positive reaction. 
Results. Fig. 1 illustrates the results of 
the experiment in which laying hens were 
subjected to starvation. Serum vitellin level 
in the blood began to decrease on the 2nd day 
of starvation and reached zero on the 7th day. 
A normally fed control bird showed but little 
fluctuation in serum vitellin level. Starving 
birds were periodically sacrificed and sub- 
jected to autopsy. A slight degree of follicu- 
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FIG. 2. Effect of daily administration of GTH 
to starving hens on level of serum vitellin in blood. 
Birds receiving 1 C.N.U./day. ----- Starv- 
ing control, receiving no hormone. 
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FIG. 3. Effect of daily administration of GTH 


on level of serum vitellin in blood of starving hens, 

—— Birds receiving 0.5 O.N.U./day. ----- Birds 

receiving 0.25 C.N.U./day (showing two represen- 
tative cases each). 


lar atresia was observed in the bird sacrificed 
on the 3rd day, a moderate atresia in the bird 
sacrificed on the 5th day, and a complete 
atresia on the 7th day (Fig. 5, D). These ex- 
periments indicate that the decrease in the 
level of serum vitellin and the disappearance 
of maturing follicles are related and follow a 
similar course. 

In the next series of experiments starving 
birds were treated with different doses of 
GTH. Fig. 2 illustrates the result of an ex- 
periment in which a daily dose of 1.0 Cart- 
land-Nelson Unit (C.N.U.=20 I.U.) of 
GTH was used. As seen from the graph only 
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FIG. 4. Effect of administration of GTH to 
starving hens with depleted vitellin content. 
— Before treatment. ----- Treated with 1 


C.N.U. of GTH/day. 


a slight fluctuation in the level of serum vitel- 
lin in blood was observed. Throughout the 
whole experimental period the serum. vitellin 
level in treated birds remained high and cor- 
responded to that of the normally fed laying 
birds. The serum vitellin level in the blood 
of the starving non-treated control dropped 
sharply, as would be expected from the previ- 
ous experiment. 

The next experiment was analogous to the 
previous, with the exception that daily doses 
of 0.5 C.N.U. and 0.25 C_N.U. of GIH. were 
used. As in the previous experiment a corre- 
lation between the decrease of serum vitellin 
level and the occurrence of follicular atresia 


FIG. 5. 
ceiving 0.5 C.N.U. of GTH/day. C. 


A. Ovary of normal laying hen. 


Idem, 0.25 O.N.U. of GTH/day. D. 


B. Ovary of hen subjected to 9-day starvation re- 


7-day starvation, 


no hormone. 
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was observed. The variation in serum vitel- 
lin level is shown in Fig. 3, and the ovaries ob- 
tained on autopsy of these birds and of nor- 
mally fed laying hen in Fig. 5, A, B, and C. 
The daily administration of 0.5 C.N.U. of 
GTH prevented the drop in serum vitellin and 
permitted some follicles to mature. 0.25 
C.N.U. of GTH daily delayed but did not 
prevent the drop in serum vitellin, and was 
insufficient to promote growth of new follicles. 
Finally an experiment was made in which 
daily injections of 1.0 C.N.U. of GTH were 
given to the birds beginning from the 3rd day 
of starvation. At that time the level of serum 
vitellin was already considerably decreased. 
The results are shown in Fig. 4. In all birds 
serum vitellin increased until it reached the 
level of a normally fed laying hen. 
Summary. 1. Follicular atresia begins in 
the ovary of the starving hen on the 2nd day 
of starvation, and in about a week the whole 
ovary becomes atretic. Concurrently, serum 
vitellin decreases and disappears completely 
around the 7th day of starvation. Both these 
changes were prevented by daily administra- 
tion of 0.5 Cartland-Nelson Unit of gonado- 
tropic hormone. 2. These findings were in- 
terpreted to indicate the following sequence of 
events: starvation decreases the production of 
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GTH by the pituitary, this induces atresia 
and the decreased release of estrogen, the lat- 
ter decreases the formation and the release of 
serum vitellin by the liver. 
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Sex Differences in in vivo Concentration of Labeled 1-Thyroxine by Rat 


Liver.* (21633) 


PAuL VANARSDEL, JR.t AND Ropert H. WILLIAMs. 


From the Department of Medicine, University of Washington School of Medicine, Seattle. 


While investigating the distribution and 
degradation of labeled thyroid hormones in- 
jected into rats(1) we noted an obviously 
lower concentration of “hormonal” radioac- 
tivity in the liver of males than in females. 
This finding seemed especially interesting in 
view of the observations of others that thyroid 


* Aided by grants from Initiative No. 171 of the 
State of Washington, the Atomic Energy Commission, 
and the U.S. Public Health Service. 

+ Public Health Service research fellow of the Na- 
tional Institute for Arthritis and Metabolic Diseases. 


activity is influenced by sex steroids and the 
changes in pregnancy. For example, it is well 
known that the protein-bound iodine may be 
elevated in pregnancy without elevation in 
radioiodine uptake(2). Estrogens have been 
found to produce an elevation in the serum- 
precipitable iodine in both males and females 
(3) and to affect I'*! clearance in man(4) 
and the thyroid function of various animals 
(5,6). Variations in thyroid function occur 
during estrous cycles in both rats and mice 
(7,8). These observations prompted us to 
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investigate the effect of sex steroids on the 
liver concentration of labeled thyroxine. 

Materials and methods. Male and female 
Sprague-Dawley rats were used in all experi- 
ments. Females were selected at random and 
were at various stages in the estrous cycle. 
The following groups of rats were compared, 
each group containing 6 animals: (a.) Males 
with females of same weight; (b.) Males with 
females of same age; (c.) Ovariectomized fe- 
males with normal females; (d.) Orchiecto- 
mized males with normal males; (e.) Hypo- 
physectomized males and females with corre- 
sponding normals; (f.) Pregnant with non- 
pregnant females. In other groups, testos- 
terone propionate,+ estradiol benzoate) and 
progesterone|| were given intramuscularly in 
oil to selected animals in manners and dosages 
cited below. L-thyroxine and, in some cases, 
3,5,3’ l-triiodothyronine, labeled with I['*!, 
were given into the tail vein of the various 
animals in doses of 5 pe (0.1 to 0.8 pg). 
The animals were sacrificed by exsanguina- 
tion one hour, and in a few cases, 30 minutes 
and 12 hours, following hormone administra- 
tion. Whole blood and liver were analyzed 
in every case; in some experiments kidney, 
small and large intestine, and skeletal muscle 
were also used. The tissues were treated as 
described previously(1) and the radioactivity 
in the TCA-soluble and TCA-precipitable 
fractions counted separately in a well-type 
gamma counter. Twenty-four and 48-hour 
urinary and fecal excretions of radioactivity 
following labeled thyroxine administration 
were compared in normal males and females 
by methods described previously(9). Finally, 
with the aid of Dr. Paul Hyde, the bile ducts 
of 2 males and 2 females were cannulated with 
a size PE-50 polyethylene catheter, under 
ether anesthesia. When bile was flowing 
freely, labeled |-thyroxine, 0.2 yg, was in- 
jected intravenously and the radioactivity 
measured on samples of bile collected at fre- 
quent intervals for 24 hours. 


+t Neo-Hombreol, kindly supplied by Organon, Inc. 

§ Progynon-B, kindly supplied by the Schering 
Corp. 

|| Kindly supplied by Eli Lilly and Co. 

{ Both labeled hormones were obtained from the 
Abbott Laboratories, Oak Ridge, Tenn. 
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ORCHIECTOMIZED 


| NORMAL FEMALE 
Weues MALE | 


P<,OOl Rama P<.0OI P<.00I 


FIG. 1. Relative concentration of TCA-precipi- 

table radioactivity in rat liver one hr following 

administration of I*-labeled l-thyroxine. Values 

are expressed as % of concentration in normal 

female rat liver. P-values relate to comparisons 
with the normal group. 


Results. In Fig. 1 is shown the observed 
concentrations of TCA-precipitable radioactiv- 
ity in rat liver one hour after administration 
of labeled thyroxine. The average concentra- 


4p 
tion for female liver (25) has been re- 


ported in absolute values previously(1) and 
is represented here as 100%. It is plain that 
male liver concentrated radioactivity to a 
value only 68% that of female liver, regard- 
less of the relative sizes of the animals. A 
similar difference was found 12 hours follow- 
ing administration of the hormone. Ovariec- 
tomy or orchiectomy, performed one week 
previously, did not significantly alter this dif- 
ference. Estradiol given to males in doses of 
3000 R.U./day and given to castrated females 
in doses of 3000, 200, and 100 R.U./day pro- 
duced no significant changes. Testosterone, 
5 mg/day, given to castrated males and to fe- 
males, and progesterone, 0.5 mg/day alone 
and combined with 100 mg/day of estradiol, 
given to castrated females, also produced no 
changes. These hormones were given for 3 
to 7 days prior to administration of labeled 
thyroxine. 

In pregnant rats, near term, liver concen- 
tration of radioactivity was slightly lower 
than in the normal female, in spite of a cor- 
rection for body weight of the animal and in 
spite of relatively low fetal and placental ra- 
dioactivity (10). 

Hypophysectomy effected a concentration 
of “thyroxine” in the liver of the female very 
close to that found in either the normal or 
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TABLE I. Percent of Radioactivity in Whole 
Liver One Hour after Intravenous Administration 
of Labeled ]-thyroxine. 


% of administered radioactivity 


TCA- 
TCA-soluble precipitable Total Avg 
ce) 12 29.2 29.9 29.7 
74 27.6 28.3 
Alf 28.5 29.2 
.85 29.2 30.0 
87 DOL 31.0 
a 74 24.3 25.0 23.7 
.66 22.3 23.0 
.76 23.1 23.9 
sug) 25.1 25.9 
73 23.9 24.6 
.69 21.0 21.7 
hypophysectomized male. Sex hormones 


failed to produce significant changes in the 
hypophysectomized animals also. 

Differences in the stage of the estrous cycle 
had no effect on the liver concentration of 
radioactivity. 

Neither bile excretion rates nor urinary and 
fecal excretion rates were significantly dif- 
ferent between males and females. There was 
no sex difference in hormonal radioactivity 
concentrations in kidney, skeletal muscle or 
G.I. tract. Blood levels of hormonal radioac- 
tivity varied slightly in the opposite direction 
from the liver changes. TCA-soluble (non- 
hormonal) radioactivity in various tissues 
was not significantly changed in the various 
groups. 

In one group of males and females the ra- 
dioactivity in the total liver was determined 
following labeled thyroxine administration 
and again a significant difference (p<0.001) 
was apparent (Table I). 

Following labeled triiodothyronine admin- 
istration no significant differences were found 
among the various tissues except that in some 
groups, liver concentration of hormonal radio- 
activity was greater in males than in females; 
this was not consistently true. Contrary to 
our previously reported studies in females(1) 
there was little difference between the concen- 
tration of thyroxine and triiodothyronine by 
male liver. 

Discussion. The difference between female 
and male rats in the concentration of labeled 
thyroxine by liver is definite and is repeatedly 
demonstrable. We have been unable to ex- 
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plain this difference by alterations in gonadal 
function, nor has it been possible to produce 
or prevent the difference by the administra- 
tion of various sex hormones. In view of the 
significantly lower concentration of radioac- 
tivity in the hypophysectomized female, it is 
tempting to postulate that, in intact rats, the 
ratio of gonadotropins present in the female 
is critically associated with a more active con- 
centration of thyroxine by the liver. How- 
ever, subtle differences in thyroid function per 
se may be partially responsible. For example 
we have recently found that the concentration 
of hormonal radioactivity in female liver is 
depressed to that in the male liver by the 
prior administration of propylthiouracil(11) 
and studies on this aspect are continuing. 

Our inability to show a difference in the 
rate of degradation of hormone between the 
male and female rat (as measured by urinary 
excretion of radioactivity) leaves the differ- 
ence in liver concentration an isolated and, as 
yet, unexplained phenomenon. The relation- 
ship which our observations on liver concen- 
trations have to our observations on the preg- 
nant rat and to observations of others cited 
above is vague; there is no evidence as yet 
that the mechanism is similar to that respon- 
sible for those variations in thyroid function 
observed in the estrous cycle and during preg- 
nancy. 

The lack of differences in liver concentra- 
tion of radioactivity following the administra- 
tion of labeled triiodothyronine indicates an- 
other possible distinction between its metab- 
olism and that of thyroxine. 

Summary. 1. When labeled |-thyroxine was 
given to rats, the concentration of “hormonal” 
(TCA-precipitable) radioactivity in liver was 
significantly greater in the female than in the 
male. 2. Castration did not alter these find- 
ings in either the male or female. The admin- 
istration of estrogens to normal males and to 
castrated females, and the administration of 
androgens to normal females and castrated 
males were also without effect. However, 
hypophysectomy in females lowered values 
to those in normal or hypophysectomized 
males. 3. No significant difference in the 
radioactivity of kidney, blood, skeletal 
muscle and G.I. tract were found after 1-thy- 
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roxine administration, nor were urinary, fecal, 
or bile excretion rates of radioactivity sig- 
nificantly different. 4. Following administra- 
tion of labeled 3,5,3’ 1-triiodothyronine, no 
consistent differences in liver concentration 
between male and female were found. 5. The 
mechanism responsible for the difference in 
the “thyroxine” concentration in the liver of 
male and female rats remains unknown. 
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The possible viral etiology of Hodgkin’s 
disease has been reviewed(1,2). One of the 
steps in the proof of such an etiology, the 
identification of virus-like particles in the tis- 
sues of patients with Hodgkin’s disease and 
their absence in the tissues of non-diseased in- 
dividuals, was recently reported(3). The 
present investigation was undertaken to verify 
the above report and to extend the observa- 
tions to a larger number of patients. 

Materials and methods. he erythrocytes 
were prepared for observation in the electron 
microscope essentially according to the pro- 
cedures described by Reagan and co-workers 
(3,4). For one series of experiments 5 ml of 
venous blood were diluted with 6 ml of 0.9% 
sodium chloride containing 7 mg of sodium 
heparinate in a small flask which was stored 
in a refrigerator at 4°C for one hour. The 
flask was then kept at room temperature and 
rotated occasionally for 10 minutes. After 
this time a drop of the suspension was placed 


* Supported by grant from The Dorothy H. and 
Lewis Rosenstiel Foundation. 


on a formvar-covered grid. Excess liquid was 
removed and the remaining material allowed 
to dry for 5 to 10 minutes. The grids were 
examined with a light microscope to deter- 
mine the concentration of the cells. If satis- 
factory concentrations were present the grids 
were washed with several drops of distilled 
water and then dried over phosphorus pent- 
oxide in a desiccator. After drying the grids 
were shadowed with palladium at about 11° 
(5:1 ratio). Erythrocytes from the blood of 
9 patients and from 5 non-diseased donors 
prepared according to the above procedure 
were examined with an RCA type EMU elec- 
tron microscope. For a second series of ex- 
periments 1 ml of venous blood was diluted 
with 1 ml of 0.9% sodium chloride containing 
1 mg of sodium heparinate and allowed to re- 
main overnight in a refrigerator at 4°C. A 
drop of the blood was mixed with 5 drops of 
distilled water in a capillary pipette for about 
5 seconds. A drop was placed on a formvar- 
covered grid and treated as described above 
except that some of the preparations were 


FIG. 1. Electron micrograph of an erythrocyte 
from patient with Hodgkin’s disease (shadowed 
with Pd at 45°, 20,000 x). 


shadowed at 45° (1:1 ratio). Twenty-one 
and 15 preparations from diseased donors 
were shadowed at 11° (5:1 ratio) and 45° 
(1:1 ratio) respectively. Seven preparations 
from non-diseased donors were shadowed at 
45° (1:1 ratio). All were examined in the 
RCA type EMU electron microscope. Blood 
samples were obtained from 12 non-diseased 
donors and 41 patients. Of a total of 35 pa- 
tients with Hodgkin’s disease 18 were in ap- 
parent remission and were not receiving ther- 
apy when the blood specimen was obtained. 
The remaining patients’ were in an. active 
stage of their disease. Blood specimens were 
obtained from 8 of these patients before ther- 
apy was instituted, from 7 patients while un- 
dergoing x-ray therapy and from 2 patients 
just after completion of nitrogen mustard 
therapy. Among the other patients with 


lymphoma 4 were lymphosarcoma, 1 reticulum> 


cell sarcoma and 1 giant follicular lympho- 
blastoma. 


Results. Fig. 1, an electron micrograph of 
an erythrocyte from a patient with Hodgkin’s 
disease, is similar to the one of the above re- 
port(3) which was said to contain virus-like 
particles. The erythrocyte of Fig. 1 from a 
patient with Hodgkin’s disease is typical of 


Vrrus-LIKE STRUCTURES IN RED CELLS 


many others obtained by either procedure de- 
scribed above from diseased or non-diseased 
donors provided that the shadowing angle 
was 45° (1:1 ratio). 

Fig. 2, an electron micrograph of an eryth- 
rocyte from a patient with lymphosarcoma, is 
typical of the results obtained when the shad- 
owing angle was reduced to about 11° (5:1 
ratio). Again no differences between erythro- 
cytes from patients with Hodgkin’s disease, 
related lymphomas, or non-diseased donors 
were observed. 

Fig. 3 is an electron micrograph of an 
erythrocyte from a normal donor at a higher 
magnification for better observation of struc- 
tural details. 

Some electron micrograph erythrocyte pat- 
terns devoid of internal structural detail simi- 
lar to the pattern obtained with erythrocytes 
from a healthy normal adult(3) were ob- 
served from the blood of diseased and non- 
diseased donors. 

Discussion. Correct interpretation of the 
above micrographs requires knowledge of the 
direction of shadowing. In some experiments 
latex particles were superimposed upon the 
red cell membrane for this purpose. However, 
it was found that this was unnecessary be- 
cause some fields were observed which con- 
tained small opaque particles or extraneous 
material (A, Fig. 1, 2, & 3). The position 
of the shadows of these particles determines 
the direction of shadowing (shown on the 


FIG, 2. Electron micrograph of an erythrocyte 
from patient with lymphosarcoma (shadowed with 
Pdvat die .000>@)r 
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a 

FIG. 3. Electron micrograph of an erythrocyte 

from a normal non-diseased donor (shadowed with 
Pd at 45°, 44,000 x). 


micrographs by the arrows). At first glance 
what appear to be particles and could be in- 
terpreted as viruses are, in reality, depressions 
in the material deposited upon the formvar 
nine CB ic wditc2,: 6293.) 

This is evident because the positions of the 
shadows of these structures (B, Fig. 1, 2, & 
3) are opposite to the positions of the shad- 
ows of the known particles (A, Fig. 1, 2, & 
3). The depressions of Fig. 2 appear dif- 
ferent from those of Fig. 1 and 3 because the 
decreased angle of shadowing has resulted in 
longer shadows. The shorter shadows of Fig. 
1 and 3 make the depressions appear to be 
more like particles. 
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A correct interpretation of the electron 
micrograph of the erythrocyte said to contain 
virus-like particles(3) is not possible without 
knowledge of the direction of shadowing. If 
the erythrocyte material is a deposit upon the 
collodion film, the white opaque boundary at 
the lower right and the dark shadowed boun- 
dary at the upper left indicate that the direc- 
tion of shadowing is diagonally from lower 
right to upper left. Consequently the so-called 
“virus-like particles” would be depressions. 

The above results are not to be interpreted 
as evidence against the viral etiology of 
Hodgkin’s disease, but only that procedures 
in addition to those described(3) for the iden- 
tification of virus-like particles in the blood 
of patients with Hodgkin’s disease must be 
applied. 

Summary. 1. Electron micrographs of 
erythrocytes similar to those depicting so- 
called “virus-like particles” were obtained 
from the blood of patients with Hodgkin’s 
disease and other lymphomas as well as from 
non-diseased donors. 2. These micrographs 
contain many depressions or indentations 
easily confused with particles or objects. 
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The occurrence of amino acids in excess in 
the urine of patients with nephrosis appears 
to be a possible accompaniment of protein- 
uria and an expression of disordered tubular 
function in this disease. The present paper 
reports the results of analyses of microbio- 
logical assay for 17 natural and 1 unnatural 
(D-methionine) amino acids in the blood and 
urine of 2 adult nephrotic individuals. Studies 
have been made in the fasting state and during 
intravenous loading with a mixture of amino 
acids. Because of possible therapeutic impli- 
cations, in one nephrotic subject and in 2 
normal control individuals, the effect of adren- 
ocorticotropic hormone on the excretion of 
amino acids has also been observed. 


Subjects. One patient, A.C., 48-year-old 
white male who displayed generalized anasar- 
ca, dependent edema, dyspnea, right pleural 
effusion, and mild hypertension of 2 to 3 years’ 
duration. Nephrosis was indicated by the 
presence of 8 to 12 g of protein in urine per 
day, a concentration of plasma albumin of 1.0 
to 1.5 g/100 ml, and a plasma cholesterol con- 
centration of 600 mg/100 ml. An associated 
chronic glomerulonephritis was manifested by 
findings of microscopic hematuria and _ fine 
granular casts in the urine, as well as a reduced 
glomerular filtration rate (50 ml/min). The 
second patient, H.D., was 39-year-old white 
female with nephrosis of 5 months’ duration, 
not accompanied by any evidence of glom- 
erulonephritis. Examination revealed anasar- 
ca, proteinuria of 3 to 6 g/day, a concentration 
of albumin in the plasma of less than 1 g/100 


* The opinions expressed are those of the authors 
and are not to be construed as official or reflecting 
the views of the Navy or the Naval Service at large. 

t Present address: Brookhaven National Labora- 
LOD e le laeNea cs 

t University of California Medical School, San 
Francisco; and U. S. Naval Hospital, Oakland, Calif. 

§ Present address: 1348 Market Street, Redding, 
Calif. 


ml, and a concentration of cholesterol of 1000 
mg/100 ml. The glomerular filtration rate 
was approximately 100 ml/min. 


Method. Inulin was infused during the en- 
tire experimental period and measured in 
blood and urine by the method of Roe e¢ al. 
(1). Microbiological assays of 18 amino acids 
were performed on urine specimens and on 
filtrates of plasma by methods previously de- 
scribed(2,3). Samples of urine were taken by 
catheter at 20-minute intervals and samples 
of blood were drawn from the antecubital vein 
at 15-minute intervals for 1 hour with the 
patient in the fasting state. At the end of 
this period, 100 ml of Merck’s 10% amino 
acid solution (supplemented with 0.27 g of 
DL-threonine, 0.48 g of DL-methionine, 0.12 
g of DL-tryptophan, and 0.16 g DL-pheny]- 
alanine per 100 ml) were administered intra- 
venously for priming at a rate of 25-50 
ml/min, to make a nutritionally balanced mix- 
ture according to Rose(4). This was followed 
by continuous infusion at a constant rate of 
3-4 ml/min which maintained concentrations 
of amino acids in the plasma at 3-5 fold values 
above the fasting level (Fig. 1). Following 
the injection of the amino acids, a lapse of 
15 min was allowed for stabilization, after 
which samples of blood and urine were again 
collected at intervals for 1 hour. In the 
nephrotic patient, A.C., and in 1 normal indi- 
vidual, M.B., 40.0 mg of adrenocorticotropic 
hormone (ACTHAR, Armour Laboratories) 
were administered daily for 9 days by an 8- 
hour intravenous drip. On the 10th day, by 
the method described above, a test of amino 
acid excretion was made. In another normal 
individual, W.L., the infusion of ACTH was 
continued for 10 days and the loading experi- 
ment was performed on the last day. Thus 
the infusion of amino acids and ACTH oc- 
curred simultaneously. 


Results. In Fig. 2 are shown for the 2 
nephrotic subjects the rates of excretion of 
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FIG. 1. Plasma concentration of amino acids before and during an amino acid infusion. 


various amino acids in the fasting state. The 
data are expressed in percentage of normal 
rate, the standard for normal being the aver- 
age for 14 individuals as previously deter- 
mined(2). The values in the case of patient 
A.C. represent the average of 7 determina- 
tions and do not include periods on ACTH. 
The data for the patient, H.D., are those for 
only one experiment. It is apparent that in 
patient A.C. there were several-fold and high- 


NEPHROSIS, Patient A.C. 


ly significant increases in the excretion of 
many amino acids, both essential and non- 
essential, but perhaps more outstanding in the 
essential group listed first in Fig. 2. Patient 
H.D. showed considerably less deviation from 
normal but still a general tendency to in- 
creased excretion rates, in particular of the 
amino acids threonine, lysine, glutamine, and 
serine. 

Fig. 3 demonstrates by the same method of 
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NEPHROSIS, Patient A.C. 
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NEPHROSIS, Patient H.D. 
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charting the concentration of various amino 
acids in the blood in relation to the average 
normal and to one standard deviation of nor- 
mal. In both patients there was a general 
tendency to low concentrations in the blood 
with significant variations to be noted for 
tryptophan and valine in both patients, and 
for arginine in patient H.D. 

The measurement of glomerular filtration 


rate with inulin afforded an opportunity to 
compare the amount of a given amino acid ex- 
creted with that filtered. In Table I is 
shown a comparison of the percentage of fil- 
tered load excreted in the fasting state with 
that observed after administration of amino 
acids. It will be noted that the reabsorptive 
defect in the nephrotic individuals is more 
apparent in the fasting state. Both normal 


TABLE I. Percentage of Filtered Load Exereted. 


Normal subjects 


Nephrotic subjects 


A.C.———, _ ,-——_ H.D.—_ 
Fasting Infusion Fasting Infusion 


~ 


M.B. ~ W.L. 
Amino acids* Fasting Infusion Fasting Infusion 

L-alanine il <a) 1 
L-arginine <5) 1 3 
L-cysteine 2 4 2 
L-glutamine ul il 1 
Glycine 3 31 7 
L-histidine 6 16 6 
L-isoleucine BEAD <ih) i 
L-leucine <aie) <a) CG) 
L-lysine eS) 1 <a 
L-methionine KD) 4 En) 
D-methionine — 44 — 
L-phenylalanine 1 2 <<) 
L-proline <aRO) ee) <RD 
L-serine 1 sak al 
L-threonine <@o) <5 <0 
L-tryptophan uf 2 it 
L-tyrosine 2 if 1 
L-valine ane) <9) <.5 


16 
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12 
38 
29 
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* Because values determined for L-aspartie and L-glutamie¢ acids were too low to be signifi- 


cant, they were omitted from this table. 
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and nephrotic subjects almost invariably ex- 
hibited an increase in the percent excreted 
when the plasma concentrations of amino acids 
were elevated. However, in normal individ- 
uals it rose proportionately, to a greater ex- 
tent. Comparisons of excretion between dif- 
ferent individuals at elevated concentrations of 
amino acids, are, of course, difficult because 
the levels in the blood are not always the 
same. 

In the case of the nephrotic patient, A.C., 
there was, with the exception of glycine, a 
moderate but consistent decrease in the ex- 
cretion of all of the 18 amino acids after 
ACTH, both during the infusion period and 
during the fasting period as well. The normal 
individuals showed inconsistent changes after 
ACTH, but with more of a tendency to an 
increase than to a decrease in the percentage 
of filtered amino acids which were excreted. 
It is to be noted that there were no significant 
differences in glomerular filtration rates be- 
fore and after ACTH in any of our subjects. 
Changes in amino acid excretion before and 
after ACTH likewise were not attributable in 
any case to different concentrations of amino 
acids in the blood. 

Since these studies were performed, one 
additional patient (S.H., a 20-year-old white 
male) with ‘“‘pure” nephrosis has been seen. 
The only abnormalities detectable in the fast- 
ing state were a low plasma concentration of 
tryptophan and a slightly elevated urinary ex- 
cretion of glutamine, isoleucine, lysine, and 
valine. 

Discussion. The marked variation in the 
amino-aciduria exhibited by the 2 patients in 
this study would suggest a definite difference 
in the tubular defect of the 2 cases. Though 
the greater excretion in the subject with 
chronic glomerulonephritis might be associ- 
ated in some way with particular pathologic 
and functional changes (such as decreased fil- 
tration rate) found in this disease, it has been 
reported elsewhere(5) that there were no ab- 
normal amounts of amino acids in the urine of 
patients with nephritis after administration of 
amino acids, whereas increased amounts were 
excreted in nephrosis. Another recent study 
(6) showed no abnormalities in the amounts 
of 10 essential amino acids in 24-hour speci- 
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mens of urine from children with nephrosis, 
but some defect in tubular reabsorption was 
postulated because concentrations in urine re- 
mained normal in spite of low concentrations 
of certain amino acids (notably tryptophan, 
lysine, and isoleucine) in the serum. The 
present study lends support to the finding of 
the latter investigators(6) that tryptophan is 
more consistently and significantly decreased 
in concentration in the serum of nephrotic 
patients than any other amino acid. 


It is noteworthy that although the ne- 
phrotic subjects in the fasting state reab- 
sorbed smaller fractions (and therefore lesser 
amounts) of the filtered amino acids than 
normal subjects, much larger absolute 
amounts were reabsorbed during infusion. 
Thus there was observed no true decrease in 
the capacity of the tubules to reabsorb 
greater quantities of amino acids when the 
filtered load was increased. During the load 
period no significant difference in tubular be- 
havior was demonstrated between the ne- 
phrotic and normal subjects(7). 


The finding of a consistent, small decrease 
in excretion of amino acids, after a course of 
ACTH, in the nephrotic patient, A.C., may 
possibly be considered an index of improve- 
ment in tubular function. After infusion of 
casein hydrolysate, Cagan et al.(8) noted a 
decreased excretion of alpha-amino nitrogen 
in cortisone-treated Addisonian subjects and 
other patients, as compared with a normal 
control group. On the other hand, Ronzoni 
et al.(9) noted an increase in excretion of 
several amino acids during administration of 
ACTH to a normal human subject; and treat- 
ment with ACTH of patients with rheumatoid 
arthritis (Borden et al.(10)) caused in- 
creases in urinary excretion of certain amino 
acids, which in some instances were associ- 
ated with elevations in plasma concentration. 
In the present study changes in amino acid 
excretion, which occurred in normal individ- 
uals after ACTH, were minimal although 
there was a tendency to an increase in some 
amino acids (histidine, serine, and threonine) 
as has been observed by other investigators 
(9,10). Interpretation of changes in amino 
acid excretion should take into consideration 
the observation of Ronzoni e¢ al.(9), that in 
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a normal subject excretion of amino acids fell 
to levels slightly below the control on the first 
day after cessation of treatment with ACTH. 
Such an effect was not evident in the case of 
the normal subject, M.B., and, it is presumed, 
was not responsible for the consistent decline 
in excretion found in the nephrotic subject, 
AL: 


Summary. 1) By microbiological assay, 
concentrations of 18 amino acids have been 
examined in the blood and urine of patients 
with nephrosis and in normal individuals un- 
der various circumstances. There were ob- 
served in an adult male patient, with ne- 
phrotic syndrome associated with glomerulo- 
nephritis, large increases over the normal 
rates of urinary excretion of many amino 
acids, both essential and nonessential, but 
more notably of the essential. A female adult 
patient, with clinical findings only of ne- 
phrosis, showed considerably less deviation 
from normal with a trend toward increased 
excretion of amino acids in the fasting state. 
There was a general tendency to moderately 
low concentrations of several amino acids in 
the blood of both nephrotic subjects. 2) 
After elevation of the blood concentrations by 
intravenous loading of a mixture of amino 
acids, the percentage of filtered amino acids 
(determined by simultaneous measurement of 
inulin clearance) which were excreted gen- 
erally increased in the case of normal individ- 
uals as well as in the nephrotic subjects. No 
consistent differences could be observed be- 
tween normal and nephrotic subjects as a 
result of “loading” of the blood with amino 
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acids. 3) Intravenous administration of 
ACTH for 9 to 10 days to 2 normal subjects 
and 1 nephrotic subject produced no distinct 
changes in rates of excretion of amino acids 
in the normal individuals, but appeared to be 
associated with a moderate decrease in excre- 
tion of virtually all amino acids in the patient 
with nephrosis. Further study is required to 
confirm this observation. 


Amino acids used were kindly provided by Merck 
and Co. 
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Effect of Uranyl Chloride upon Adenosinetriphosphatase of Myosin. (21636) 


WiL1iAM J. BowEN AND Timotuy D. Kerwin. 


(Introduced by Heinz Specht.) 


‘From the National Institute of Arthritis and Metabolic Diseases, National Institutes of Health, Public 
Health Service, U. S. Department of Health, Education and Welfare, Bethesda, Md. 


Uranium compounds have a strong ten- 
dency to form complexes with proteins and 
phosphate compounds. This binding of 
uranium compounds to enzyme proteins has 
been reported to have little or no inhibiting 
action upon many enzymes including myosin 
adenosinetriphosphatase (ATPase)(1). In 
exploring the effects of uranyl chloride (UOz 
Cl.) upon the contractile and enzymatic prop- 
erties of myosin we find that under compar- 
able conditions both properties of myosin are 
adversely affected.* Dephosphorylation of 
adenosine triphosphate (ATP) by myosin is 
greatly inhibited by UOsCl, at alkaline as 
well as acid pH values. This is much more 
extensive inhibition than reported by Lan(1). 
The differences in the experimental conditions 
which may account for the two levels of in- 
hibition are discussed. 

Methods. Myosin B was made by the con- 
ventional method of Edsall and Greenstein 
and of Weber as described by Szent-Gyorgyi 
(2). The ground skeletal muscle of a freshly 
killed rabbit was suspended in alkaline 0.6 M 
KCl. After 20 hours the suspension was cen- 
trifuged to separate the solid particles from 
the viscous solution of myosin B. The myosin 
B was purified by successive precipitations in 
0.03 M KCl after each of which, it was con- 
centrated and redissolved in 0.6 M KCl. 
After three precipitations the myosin B was 
analyzed for nitrogen-content and stored at 
0°. The reaction mixtures consisted of 2.3 ml 
of buffer solution with and without KCl, 0.3 
ml of 0.005 M to 0.02 M Ky, ATP, 0.3 ml of 


*In studies of the effect of UO,Cl, on shortening 
of glycerine-treated rabbit psoas muscle caused by 
0.001 M ATP, 0.002 M and 0.004 M UO,Cl, inhibi- 
ted shortening during the first 2 minutes 63% 
and 84%, respectively, of that which occurred in ab- 
sence of UO,Cly. MgCl, at 0.001 M reduced this 
inhibition to 17% and 18%. This antagonizing effect 
of Mg** upon inhibition of shortening by UO.Cl, 
contrasts with its effect upon inhibition of splitting 
of ATP caused by UO.Cl, (Table I). 


0.0025 M to 0.02 M of UOsCly and 0.1 ml of 
myosin B solution. When KCl was excluded 
from the reaction mixtures, the myosin B was 
suspended in water. When KCl was included 
the myosin B was dissolved in 0.6 M KCl. 
This KCl made the mixtures 0.02 M KCl so 
when investigating the effects of UOsCls at 
O M and 0.02 M KCl, buffer solution without 
KCl was used. At the higher concentrations 
of KCl, buffer with KCl was added. The buf- 
fer was 0.04 M tris (hydroxymethyl) amino- 
methane (THAM). The ATP was purchased 
as potassium salt. Reactions were done with 
constant shaking at 26° +1° and were 
stopped by adding 1.0 ml of 20% trichloro- 
acetic acid (TCA) to 3.0 ml of reaction mix- 
ture. The extent of dephosphorylation of the 
ATP was ascertained by analyzing the mix- 
tures for phosphate by the Fiske-Subbarow 
method. Blank mixtures for estimating phos- 
phate extraneous to the ATPase activity were 
analyzed for all experiments. Where UO2Cl 
was present, its concentration and time of ex- 
posure to ATP in the experimental mixture 


— 
| 


[eae aoe le ar 


@ 0.002 M U0ZClo 
A 0.00! M U02Cl2 
© 0.0005M U0ZCla 
BNO UOZClo 


50 


40 


30 


na P SPLIT 


° 0.1 0.2 0.3 0.4 0.5 0.6 


MOLARITY OF KCL 


FIG. 1. Effect of the concentration of KCl upon 

inhibition of myosin ATPase by UO.Cl, at pH 7.5. 

Concentration of ATP was 0.001 M and of myosin 

B 0.05 mg/ml. Ordinate—ug P split/mg of myo- 
sin/test of 10 min. duration. 
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TABLE I. Effect of Uranyl Chloride upon ATP- 
ase Activity of Myosin B in Presence of CaCl, and 
MgCl. Reaction mixture contained 0.04 M THAM. 
(pH 7.5), 0.02 M KCl, 0.1 mg myosin, and 0.0005 
M ATP. Parenthetie values are % of inhibition. 


—pg P split/mg myosin B/10 min. 


Molarity .001 M £001 M 
of UO,.Cl, No Mtt+ MeCl, CaCl, 
0 39.6 2.1 95.4 
2G O54 25.7 (30) 2.9 (95) 27.2 (72) 
y S< Oe 12.9 (67) Mints) 16.1 (83) 
i Seale 5.7 (87) 4 (99) 15.0 (84) 
A Se andr’ 7 (98) .7 (98) 10.7 (89) 


were exactly duplicated in the blank measure- 
ments. 

Results. The results of these experiments 
show that UO2Cl. inhibits myosin B as a de- 
phosphorylating enzyme. In the absence of 
KCl inhibition varies directly with the con- 
centration of uranyl compound but the addi- 
tion of KCl greatly modifies the extent of in- 
hibition (Fig. 1). This modification is re- 
lated to the effect of KCl on myosin ATPase 
when the concentration of UOsCls is 0.0005 
M. When the concentration of UOsCls is 
0.001 M and 0.002 M, the accelerative effect 
of low concentrations of KCl is obliterated 
and UO.Cls produces great inhibition. High 
concentrations of KCl moderate this extensive 
inhibiting action of UOsCls. 

The inhibition of myosin ATPase by UOs- 
Cl, is increased by both 0.001 M MgCl. and 
0.001 M CaCl, (Table I). Each of these 
divalent cations (M*+*) at the concentrations 
used is known to accelerate the splitting of 
ATP by myosin(3) but the complexes formed 
with them are very susceptible to inhibition 
by UOzCls, especially that formed by mag- 
nesium. 

The results of experiments on the effect of 
pH show that inhibition was about the same 
(70%) at values of 7.6 and 8.6, but at more 
acid values it was increased. The greatest in- 
hibition (91%) occurred at pH 6.6 in each of 
four tests. The amount of phosphate split in 
the presence of UO2Cl. at pH 5.6 was consid- 
erably less than at pH 6.6, but decreasing the 
pH of the control reaction mixtures below 
values around 6.0 also depressed the ATPase 
activity(4,5). Consequently, the actual in- 
hibition at pH 5.6 was not greater than at 6.6. 

In experiments preliminary to those re- 
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ported above, great variation was encountered 
in the amount of inorganic phosphate found 
in the blanks of experiments containing UO2- 
Clo. It was discovered that UOsCl. actually 
splits ATP, thereby increasing the blanks. 
Such splitting of ATP was related directly to 
the length of time the UOzCl. and ATP were 
mixed together (Table II) and appears to be 
similar to the hydrolysis of ATP by cerium 
and lanthanum(6). 


Adenosinediphosphate was split by UO2Cl»o 
only 5 to 10% of the extent of ATP. 


Discussion. The inhibition of myosin 
ATPase by UOsCl. reported above is much 
greater than that reported by Lan for uranyl 
acetate(1). He found no inhibition at pH 7.9, 
7% at pH 7.0, and 26% at pH 5.5. We ascer- 
tained that uranyl acetate under the condi- 
tions of our experiments is as effective as UOo- 
Clo. The difference between these results may 
be due to the proportions of uranyl compound 
to substrate or enzyme in the reaction mix- 
tures. Lan had approximately 0.0012 M 
UOz++ and 0.0036 M ATP in his reaction 
mixture but fails to state what dilution of a 
4.6% solution of myosin he used. Fig. 1 in- 
dicates that 0.0012 M UOsCls would inhibit 
myosin ATPase if 0.05 mg myosin B is pres- 
ent per ml of reaction mixture and uranyl ion 
and ATP are about equal in concentration. 
When the concentration of uranyl ion is half 
that of the ATP, inhibition occurred at pH 
7.5 in the presence of 0.02 M KCl (Fig. 1, 
Table I). When MgClo, or CaCls (Lan used 
0.0022 M CaCl»), was included inhibition was 
enhanced. 

The inhibition is also influenced by ionic 
strength. The ionic strength used by Lan is 
not defined but if the maleate buffer that he 
included in his reaction mixtures was 0.05 M 


TABLE IL. Splitting of ATP by UO,CL, Ge= 
(NO;)3, and La(NO,),. Reaction mixtures con- 
tained 0.002 M of each of UO,Cl,, Ce(NO,),, and 
La(NOs;)s, respectively, 0.04 M THAM (pH 7.4), 
0.02 M KCl, and 0.001 M K,ATP. 26°C. 


Time of sample ——— pg P split/mi— ——_, 


(min. ) U Ce La 
15 1.03 1.75 1.48 
30 1.73 2.78 1.75 
45 2.38 3.50 2.25 
60 3.09 4.33 2.73 
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the concentration of K+ or Na+ was 0.1 M 
or more. Also, the smaller amount of alkali 
required to adjust maleate buffer to pH 5.5 
than to 7.9 or 7.0 may have augmented the in- 
hibition reported by him at pH 5.5 because of 
the lower ionic strength; however, our results 
indicate, as do his, greater inhibition at acid 
pH values. The splitting of ATP by UO.Cl; 
may have had bearing upon his failure to de- 
tect inhibition at pH 7.9. This is especially 
likely if he used long incubations. 

Summary. 1. It has been demonstrated 
that uranyl chloride (UOsCl,) inhibits myo- 
sin ATPase activity. The extent of inhibition 
is influenced by the strength of K-ion and is 
enhanced by calcium or magnesium. The pH 
value 6.6, of those tested, is most favorable 
for inhibition. 2. Uranyl chloride per se 


Inhibition of Dextran Edema by Proteolytic Enzymes. 


Sly 


causes dephosphorylation of ATP. This ac- 
tion is less than that caused by cerium and 
about equal to that of lanthanum. 
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Trypsin has been found to markedly inhibit 
the edema induced by local injection of egg 
white and other agents into the limbs of the 
albino rat(1).  Cortisone acts similarly(2). 
Hardy et al.(3) were unsuccessful in their 
attempts to confirm the findings of Martin 
and his co-workers(1). However this failure 
may be attributed to the fact that they used 
one-half the minimal effective dose described 
by Martin e¢ al.(1). 

Inasmuch as systemically introduced dex- 
tran is capable of producing a marked edema 
of the extremities(4-6) which is not inhibited 
or reduced by cortisone(5,7), epinephrine (7 ) 
or antihistamines(5) it was felt that the ef- 
fect of the proteolytic enzymes upon dextran- 
induced edema should be investigated in order 
to determine whether or not the effects of 
cortisone and trypsin are similar. 

Materials and methods. Sprague-Dawley 
female rats weighing 100-110 g were used as 
experimental animals. The edema was in- 
duced by injecting 2 ml of 0.75% dextran 
solution intraperitoneally. Within 30-60 min- 
utes (different samples of dextran vary in 


rate of edema formation(4)), the edema 
manifests itself by marked swelling and vaso- 
dilation of the extremities and snout of the 
treated animals and a hyperemia of the ears, 
all of which persist for at least 6 hours. These 
phenomena are considered to be manifesta- 
tions of a hyperergic inflammatory process 
elicited by dextran(9). Prevention of the 
dextran induced edema was accomplished by 
intraperitoneal injection of 0.5 ml of a 0.5% 
solution of crystalline trypsin* immediately 
prior to the introduction of the dextran solu- 
tion and a subcutaneous injection of 0.5 ml 
of the trypsin solution immediately following 
the dextran. Chymotrypsin was similarly 
used except that only an intraperitoneal injec- 
tion of 0.5 ml of a 1% solution of crystalline 
chymotrypsin was administered. Subcutane- 
ous injection of enzymes also is effective. 
When adrenalectomized animals are used, the 
dextran dose was reduced to a 0.25% solu- 
tion and the trypsin to a 0.12% solution. 
This modification was necessary inasmuch as 


* Parenzyme, National Drug Co., Phila., Pa. 
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TABLE I. Inhibition of Dextran Edema by Proteolytic Enzymes. 


No. animals edematous 


No. Dose, Dextran, ——— Hr after dextran ———_, 
animals Enzyme mg/100g mg/l00g % 1 1% 2 2% 3 3% 
40. ‘Trypsin | 5 | “ie 00 0 \OMeMOUNP Oe oeec Meine 
40 F 0 15 2 G1. 34 (136187 38 ose mols 
13 Chymotrypsin 5 15 0 0 0 0 0 0 0 
13 0 15 2 10) Seatac eels melt) 
10 Trypsin IE 5 0 0 0 0 0 0 0 Adrenalee- 
5 0 5 O» 5 Sy SBT Ab 615 pow geetonized 
animals 
10 5 15 0 0 0 0 0 0 0 Hypophysec- 
10 0 15 0 4 7 8 8 8 8 tomized 
animals 


adrenalectomized animals are very sensitive 
to dextran. Urinary excretion studies were 
performed using metabolism cages with 3 
animals in each cage. Water and food were 
removed during the period of observation. 

Results. The results obtained in a series 
of experiments using intact, adrenalectomized 
and hypophysectomized animals are pre- 
sented in Table I. It will be noted that pro- 
tection by trypsin or chymotrypsin against 
the edema was marked, although it has been 
noted that after 4 hours there is a tendency 
for the edema to become evident in an occa- 
sional treated animal. This may reflect fail- 
ure to maintain adequate enzyme levels with 
aqueous trypsin or chymotrypsin. Experi- 
ments are now in progress with depot injec- 
tions to determine whether or not these will 
maintain more adequate protection. 

It has also been observed that treatment 
with trypsin or chymotrypsin after the edema 
has become fully manifested will accelerate 
the regression of the edema. This regression 
occurred in 7 animals about 1-2 hours after 
2.5-5 mg of the enzyme had beer injected 
intraperitoneally, whereas the degree of 
edema of the untreated animals remained un- 
changed for at least six hours. 

The effect of dextran, dextran plus trypsin 
and trypsin alone upon urinary excretion is 
presented in Table II. It will be noted that, 
although the dextran treated animals exhib- 
ited urinary retention, this was not in any 
way effected by the trypsin treatment. Tryp- 
sin by itself had no effect upon urinary ex- 
cretion. 


Discussion. The marked ability of trypsin 


and chymotrypsin to inhibit the dextran- 
induced edema in the albino rat is demon- 
strated by the results presented in Table I. 
These data are in accord with the clinical(8) 
and experimental findings of other workers(1, 
2), regarding the anti-inflammatory proper- 
ties of trypsin and chymotrypsin. That the 
action of trypsin is not mediated through the 
adrenal-pituitary axis is evidenced by the ob- 
servation that adrenalectomized and hypo- 
physectomized animals are protected from 
dextran-induced edema. Furthermore, it has 
been reported(7) that, although cortisone 
will protect adrenalectomized animals against 
dextran-induced mortality, little or no allevi- 
ation of the edema occurs unless the animals 
are pre-treated for 5 days before dextran 
challenge(5,7). The aforementioned find- 
ings seem to indicate a difference in the anti- 
inflammatory action of the adrenal steroids 
and proteolytic enzymes. 

The anti-edema action of the proteolytic 
enzymes does not seem to be mediated 
through a diuretic effect inasmuch as no dif- 
ference in urinary excretion is observed in 
animals treated with dextran, and dextran 
plus trypsin. 


TABLE II. Effect of Dextran and Trypsin upon 
Urinary Excretion. 


Treatment Urine vol, ml 
15 mg dextran aS) 3 
Oe ud + 2.5 mg trypsin 5 
2.5 ” trypsin 5. 
HO 6. 
All materials administered intraperitoneally. 


Total volume of injection, 2.5 ml. Urine volumes 
measured after 5 hr period. 
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The present data does not justify extensive 
speculation as to the mechanism involved in 
the anti-edema action of trypsin and chymo- 
trypsin. 

Summary. Edema of the extremities in- 
duced in albino rats by dextran administra- 
tion, may be prevented by pre-treatment with 
trypsin and chymotrypsin. Post edema 
treatment with the proteolytic enzymes 
causes a regression or diminution of the 
edema. 
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Consideration of the chemical structure of 
isonicotinic acid hydrazide (INH) suggests 
that this compound may be considered an 
analogue of pyridoxine, and indeed studies 
have been reported both with enzyme systems 
and growing bacterial cultures which demon- 
strate the antagonism between INH and vit. 
B,(1-5). It appears, however, that while 
INH does antagonize pyridoxine this is not 
its primary action against the tubercle bacil- 
lus. Yoneda ef al.(1,2) reported that INH 
inhibits the tryptophanase and arginine de- 
carboxylase systems of Escherichia coli both 
of which are pyridoxal phosphate dependent 
enzymes. These workers demonstrated fur- 
ther that treatment of the bacterial cells with 
pyridoxine or pyridoxal decreases markedly 
the inhibitory activity of INH and suggested 
that this may be due to the competitive action 
of the pyridoxal phosphate produced in the 
cells from the pyridoxine added. 

The present paper deals with a study of the 
action of INH on the tryptophanase system 
of a vit. Bg requiring mutant strain of E. coli 


* These studies were aided by a contract between 
the Office of Naval Research, Department of the 
Navy, and the University of Minnesota, NR 135-250. 


with results which localize more precisely the 
site of action of this compound in the metab- 
olism of pyridoxine. 


Methods and materials. The vit. Bg re- 
quiring mutant strain of E. coli designated 
154-59L was isolated and kindly furnished by 
Dr. B. D. Davis. It was grown in a medium 
containing 0.1% each of KH»2PO,, KsHPO, 
and NaCl, 0.4% (NH4)2S0x, 0.07% MgSO,, 
0.05% sodium citrate, 1% vitamin free acid 
hydrolyzed casein (Difco), and 0.02% DL- 
tryptophan added to distilled water, adjusted 
to pH 6.8-7.0, and sterilized at 121°C for 15- 
20 minutes. Cultivation of the organism was 
at 30°C for 16-18 hours on a_ shaking 
machine. Aeration was essential for growth 
in the absence of added pyridoxine and under 
such conditions the amount of growth was 
generally 10-25% of that obtained when py- 
ridoxine was added to the medium. D-alanine 
does not replace vit. By in the nutrition of 
this organism. The organisms were harvested 
by centrifugation, washed once, and resus- 
pended in distilled water to a concentration of 
0.5-1.0 mg of bacterial nitrogen per ml. Dried 
cells were prepared by placing washed cell 
pastes over Drierite im vacuo for 24-48 hours. 
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FIG. 1. Effect of isonicotinie acid hydrazide on tryptophanase activity of Escherichia coli. 


(0.01 M phosphate pH 8.3, 0.001 M L-tryptophan, 0.06 mg bacterial nitrogen, 31°C; preincuba- 
tion time 30 min., reaction time 60 min.) A —ceells preincubated with INH and pyridoxal 


(Beal). 


Tryptophanase activity was determined 
either in the living cell or the dried prepara- 
tion by measurement of indole production em- 
ploving the methods described by Wood e¢ al. 
(6). Pyridoxine, pyridoxal, and pyridoxamine 
were used as their hydrochlorides, pyridoxal 
phosphate as the calcium salt, and adenosine 
triphosphate (ATP) as the barium. salt. 
Other details are given with the experimental 
results. 

Results. The data presented in Fig. 1 
demonstrate the inhibitory effect of INH on 
the tryptophanase activity of FE. coli, and in 
agreement with the results of Yoneda et al. 
(1) reveal that preincubation of the cells with 
pyridoxal altered significantly the degree of 
inhibition. The amount of protection afforded 
by preincubation with pyridoxal depended 
greatly on the concentration of INH and of 
pyridoxal, and to some extent on the time of 
preincubation. Since maximum effect was 
found with a 30 minute preincubation period 
this was employed throughout the experi- 
ments. Although not given in the figure simi- 
lar results were obtained when pyridoxal was 
replaced by pyridoxine or pyridoxamine. 

These findings demonstrate clearly an an- 
tagonism of INH on the metabolism of vit. Bg 
but do not reveal the locus of activity except 
to exclude the formation of pyridoxal as the 


C=cells preineubated with B,al. 


active step. It was necessary, therefore, to 
distinguish between the other possible sites, 
namely the conversion of pyridoxal to pyri- 
doxal phosphate or the combination of pyri- 
doxal phosphate with apotryptophanase. In- 
asmuch as the intact living cell is not per- 
meable to either ATP or pyridoxal phosphate 
the remainder of the experimental work was 
carried out with vacuum dried preparations. 
Two representative experiments comparing 
the relative activity of pyridoxal plus ATP 
with pyridoxal phosphate on the inhibitory 
action of INH are presented in Fig. 2. Each 
experiment was performed with a different 
preparation of dried cells and each prepara- 
tion varied in regard to ability to convert 
pyridoxal to pyridoxal phosphate. The out- 
standing result obtained was the almost com- 
plete protection against the action of INH af- 
forded by preincubation of the dried cell 
preparations with pyridoxal phosphate. This 
suggests that once the coenzyme has united 
with the apoenzyme INH cannot displace it. 
On the other hand, when INH had an equal 
chance (preincubation with both INH and 
pyridoxal phosphate) or a better chance (pre- 
incubation with INH) to reach the apoen- 
zyme than pyridoxal phosphate, marked in- 
hibition of tryptophanase activity was ob- 
served. The degree of protection obtained by 
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Effect of isonicotinie acid hydrazide on tryptophanase activity of dried bacterial 


preparations in the presence of pyridoxal or pyridoxal phosphate. (0.5 mg dried preparation, 
ATP 0.5 mg, pyridoxal (Beal) 5 wg, pyridoxal phosphate (Bsal PO,) 5 wg, preincubation time 


30 min., reaction time 120 min., other conditions as for Fig. 1.) 
B= preparation preincubated with INH. 


preparation preincubated with INH and Bg. 


TN 
Ces 


NA = no additions. 


preparation preincubated with Bg. 


preincubation with pyridoxal plus ATP was 
small when compared to that obtained by pre- 
incubation with pyridoxal phosphate. 

Discussion. It appears from the data pre- 
sented that the primary site of action of INH 
in this system is to compete with pyridoxal 
phosphate for the apoenzyme. This conclusion 
is based on the remarkable protection ob- 
tained by preincubation of the preparations 
with pyridoxal phosphate prior to the addi- 
tion of INH. 

The results with pyridoxal and ATP while 
supporting this conclusion in part suggest 
other possible interpretations. It is conceiv- 
able that the coenzyme resulting from the re- 
action between pyridoxal and ATP in this or- 
ganism is different from pyridoxal phosphate 
and is prevented by INH from combining 
with apoenzyme. However, although the 
naturally occurring coenzyme form of vit. By 
has never been isolated, there is no evidence 
that pyridoxal plus ATP does not yield pyri- 
doxal phosphate. Another possibility is that 


the incubation of INH in the presence of ATP 
results in the production of a new compound, 
possibly a phosphorylated form of INH which 
can compete with pyridoxal phosphate even 
after its combination with apoenzyme. Fur- 
ther experimental work is required in order 
to evaluate these possibilities. 

It should be emphasized that these studies 
have been concerned only with the mechanism 
of the competitive action of INH and vit. 
B, in a strain of E. coli, and the results may 
have little or no bearing on the mode of action 
of INH on the tubercle bacillus. 


Summary. On the basis of studies with 
apotryptophanase it is suggested that INH 
exerts its primary competitive effect on the 
vit. Bg group by competing with pyridoxal 
phosphate for the apoenzyme. 


The author wishes to thank Mrs. Dolores A. Lauer 
for capable assistance in these experiments. 
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Recent reports have attested to cytological 
changes in tissue mast cells in animals under 
endocrine stimulation(1-7) or subjected to X- 
rays(8-10), nitrogen mustard(2,11) or col- 
chicine(2,12). Most of the findings with hor- 
mones(11-18) have not been generally con- 
firmed. Disagreement appears to be due 
mostly to difficulties in technical procedures 
involving tissues as sites of mast cell study. 
In this connection the advantages of using 
peritoneal fluid for the detection of mast 
cell changes have been discussed(12). This 
paper deals with some effects of colchicine on 
the mast cells of rat peritoneal fluid. 


Materials and methods. Intact young adult 
rats of both sexes (130-180 g) of a modified 
Long-Evans strain were given a single sub- 
cutaneous injection of colchicine alkaloid 
(Eimer and Amend, U.S.P. XII) in 0.9% 
NaCl and were killed by exsanguination 
under light ether anesthesia at various times 
after the injection. Peritoneal fluid was ob- 
tained and studied in the manner reported 
previously(12,19). Smears of this fluid were 
made and fixed while still wet by immersing 
them rapidly face down in alcohol-formalin 
(absolute ethanol, 90 cc, and formalin, 10 cc). 
After a few hours in the fixative, they were 
transferred to 95% alcohol, rehydrated, and 
stained 1) by the Feulgen technic for desoxy- 
ribose nucleic acid as described by Lison(20) 


* Work done during tenure of a Post-Doctoral 
Research Fellowship of American Heart Assn. 

+ Supported, in part, by grant from American 
Cancer Society upon recommendation of Committee 
on Growth of National Research Council. 


(1 N HCl hydrolysis at 60°C for 10 min; 
stained 30 min in Schiff’s leukofuchsin at 
room temperature) and counterstained with 
chromotrope 2R(21) to differentiate eosino- 
phil elements or 2) by hematoxylin-chromo- 
trope 2R-toluidine blue technic(12). The 
slides were then dehydrated, in the former 
case through a routine graded alcohol-xylol 
series and in the latter through graded ace- 
tone-xylol mixtures. All slides were mounted 
in clarite. Mesenteric spread preparations 
were also made by methods in use in our 
laboratory(12) and stained with hematoxylin 
and aqueous toluidine blue. In addition, air- 
dried smears of peritoneal fluid were prepared. 

Results. Colchicine induced striking alter- 
ations in mast cell morphology, usually visible 
within 1 hr with dosages of 0.1 mg/100 g 
body weight. Hemacytometer counts showed 
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FIG. 1. Camera lucida drawing of mast cells in 


hemacytometer. Cells at left are from control; 
right, colehicine-treated (nucleus in light stipple). 
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the damaged cells to range from 1% to 95% 
of the total mast cell population at the first 
hour, but with time damage was so extensive 
that it became impossible to make counts due 
to large numbers of anuclear mast cell frag- 
ments and to innumerable macrophages en- 
gorged with mast cell material. The cells 
within the chamber were noted to have as- 
sumed aberrant shapes, and the nucleus was 
seen at the edge of the granular cytoplasmic 
mass (Figs. 1, 5, 7), as if it were being ex- 
truded from the cell (1 hr). This was also 
seen at 24 hr (Fig. 6) but, in addition, many 
free nuclei containing few or no adhering 
granules and anuclear masses of granules were 
encountered. Lower dosages of colchicine 
(0.08 or 0.04 mg/100 g body weight) re- 
quired more time to yield similar effects. 
Eosinorrhexis(22) was observed in air-dried 
smears and hemacytometer preparations of 
peritoneal fluid, indicating that colchicine 
acted as a powerful stressor. By 24 hr (0.1 
mg dose), the majority of the eosinophil ele- 
ments were either eosinomeres or eosinor- 
rhexicytes(22). Little damage, however, to 
peritoneal fluid eosinophils was evident at 1 
hr, even in animals with 95% of the mast 
cells damaged. In the hemacytometer, macro- 
phagic elements in peritoneal fluid assumed 
ameboid shapes by the Ist hr; at later times, 
they were seen to be full of eosinophil and 
mast cell debris. These findings were clearly 
evident from air-dried smears as well as from 
the wet-fixed preparations. The latter 
showed mast cell nuclei to stain normally with 
both hematoxylin and the Feulgen technic 
(Fig. 2-5, 7 and 8). They appeared neither 
pyknotic nor fragmented. Mast cells in 
mitosis were not encountered but a few binu- 
cleate mast cells were noted in all groups. 
Mast cell granules retained their ability to 
stain with toluidine blue (Fig. 5 and 6) and 
appeared identical with those in rats not 
treated with colchicine. In mesenteric 
spreads, similar changes were observed, with 
a few nuclei lying at the edge of the granular 
mass in contrast to the normally central posi- 
tion they occupy in mast cells of control ani- 
mals. A tendency toward a greater degree of 
polymorphism was also seen. Spread prepa- 
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rations, however, reflected poorly the extent 
of injury to the mast elements of the fluid, 
even when this damage amounted to 95% of 
the mast cell population. 

A single injection of the higher dose of col- 
chicine (0.1 mg/100 g body weight) was not 
lethal. Peritoneal fluid of animals examined 
10 days later was not entirely normal, but 
mast cell nuclei were again visualized at the 
center of the granular cytoplasm, little phago- 
cytosis of mast material was evident and, al- 
though a number of mast cells were still some- 
what abnormally shaped, the percentages of 
aberrant forms were well within normal limits. 

Discussion. Abnormalities in the structure 
of mast cells have been repeatedly reported as 
granule liberation or conglomeration, but the 
validity of these criteria has been criticized 
(12-16) as due to artifacts unavoidable in 
paraffin sections(23) or in tissue spread 
preparations. The peritoneal fluid technics 
here employed do not have these shortcom- 
ings and, in fact, yielded clear cut results, 
whereas the mesenteric spread preparations 
revealed only subtle changes. This seems due 
to physicochemical differences between the 
two environments involved (solid and gelatin- 
ous elements of connective tissues as against a 
fluid medium). Hypophysectomy also re- 
sulted in polymorphism of the mast cells of 
peritoneal fluid(12,17,18) but not to the ex- 
tent seen with colchicine. Moreover the mast 
cell nuclei following hypophysectomy were lo- 
cated well within the granular mass(12). It 
must be emphasized that the changes we have 
noted after hypophysectomy and colchicine 
do not correspond to the often described gran- 
ule liberation or clumping which have always 
been interpreted in our preparations as arti- 
facts of technic. The ejection of nuclear ma- 
terial has been reported by Tennant and Lie- 
bow(24) following addition of colchicine to 
tissue cultures, but these were described as 
pyknotic fragments. Godman and Murray 
(25) also observed colchicine damage to mus- 
cle fibers in tissue culture to involve cell frag- 
mentation. 

The more common technics employ tolui- 
dine blue for staining mast cells and lead to 
gross overstaining so that the nucleus is com- 
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Relative sizes for Fig, 2-11 are not representative of prefixation conditions. Differential shrink- 
age of cells represents an artifact of technic. All photomicrographs approximately 630. 
Fig. 6 from air-dried smear. All others wet-fixed. 
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by phase microscopy (Fig. 2). 
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Control cells. Feulgen (phase contrast). 
Control cells. Feulgen (bright field). Arrows point to mast cell nuclei as identified 


FIG, 4. Control cells. Hematoxylin-chromotrope 2R—toluidine blue technic. Mast granules 
are metachromatic. Five mast cells show range of sizes, spherical shapes, and centrally located 


nuelei. 


FIG. 5. Colchicine (1 hr; 0.1 mg dose). Hematoxylin-chromotrope 2R—toluidine blue tech- 
nie. Abnormal mast cells. Nucleus (light area) is at one end of the granule mass in all 3 cells. 

FIG. 6. Colchicine (24 hr; 0.1 mg dose). Nuclei (arrows) still abnormally positioned. 
Granules strongly metachromatic (hematoxylin—chromotrope 2R—toluidine blue). 

FIG. 7. Colchicine (1 hr; 0.1 mg dose). Three abnormal mast cells seen by phase contrast 


(Feulgen). Nuclei positioned abnormally. 


FIG. 8. Same cells as in Fig. 7, but bright field. Mast cell nuclei (arrows) show no ab- 


normal features (Feulgen). 


pletely obscured(2,26).+ Our technic has 
obviated such difficulties and revealed surpris- 
ingly little damage to mast cell nuclei with 
colchicine. The cytological alterations in mast 
cells clearly preceded eosinorrhexis suggesting 
that these effects were probably concomitant 
with rather than dependent on the stress re- 
action. 


Conclusion. Within 1 hr after a single in- 
jection of colchicine into rats fragmentation 
of the mast cells occurs without visible nu- 
clear damage. These changes are present to 
some extent in tissue preparations but are 
more clearly evident in peritoneal fluid. 


+ In our hands, nuclei of mast cells did not stain 
as readily with toluidine blue as those of other cells. 
Hydrolysis with | N HCl as for the Feulgen stain 
led, however, to rapid and intense uptake of tolui- 
dine blue by mast cell nuclei. 
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Although recent studies have demonstrated 
the mutational character of dissociation(1) 
and the selective role of metabolites on popu- 
lation changes in synthetic broth cultures of 
brucellae(2,3) information on population 
changes in infected animals is fragmentary. 
Most investigations on the establishment of 
colonial variants in animal tissues have been 
with animals inoculated with variants isolated 
from stock cultures either alone or in combin- 
ation with smooth (S) brucellae(4-7). These 
experiments demonstrated a selective advan- 
tage of the S type over variants manifested 
in all host species but to a lesser extent in 
those which have a relatively high order of 
natural resistance to infection with brucellae 
(8). The ability of mutants with decreased 
pathogenicity to persist in normally resistant 
hosts is paralleled by the ability of relatively 
apathogenic mutants of a variety of patho- 
gens to establish themselves in immunized 
and carrier hosts(9,10). Controlled observa- 
tions of the establishment of variant organ- 
isms in tissues of animals inoculated with S 
brucellae alone have not been made, although 
Huddleson(11) has described the isolation of 
smooth-intermediate (SI), rough (R) and 
mucoid (M) types ot Brucella abortus from 
fetuses aborted by naturally infected cows. 
SI types were also isolated from the milk of 
naturally infected cows. Buddle and Boyes 
(12) investigated the properties of a uon- 
smooth organism isolated from cases of geni- 
tal infection of sheep in New Zealand and 
suggest that it is a stabilized mutant or va- 
riety of Br. melitensis. Braun et al.(7) re- 
covered intermediate (1) types from guinea 
pigs inoculated with S and M organisms. 

The observations reported here were made 
to determine the fate of colonial variants aris- 
ing during the course of experimental infec- 
tions initiated with S cultures of Br. abortus 


* Published with Approval of the Director of the 
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and Br. suis in guinea pigs. 

Methods. Streptomycin resistant cultures 
of Br. abortus, strain 2308, and Br. suis, 
strain B, were used. Groups of 28 male 
guinea pigs each were inoculated intraperiton- 
eally with 10° cells of Br. suis or 3.5 x 10% 
cells of Br. abortus. Replicate platings of 
heavy suspensions from which inocula were 
prepared were examined by the methods of 
Henry(4) and White and Wilson(13); only 
S colonies were observed. Two animals from 
each group were sacrificed at intervals from 
2 to 24 weeks after inoculation. The follow- 
ing organs were macerated and cultured on 
2-1 agar(4) and 2-1 agar containing 500 pg 
streptomycin/ml: different lymph nodes, 
liver, spleen, testes, kidneys, and femoral bone 
marrow. Abscesses which developed were cul- 
tured separately. The colonial morphology of 
all isolates was determined by direct observa- 
tion, the crystal violet and the acriflavine spot 
tests. Questionable colonies were picked and 
streaked on fresh plates for further examina- 
tion. Observations were made of the colonial 
morphology of brucellae isolated from bovine 
material. Tissues and fluids from 10 fetuses 
aborted by cows experimentally exposed to 
S Br. abortus in a vaccination experiment 
were plated on 2-1 agar. Milk from these 
animals was plated on selective medium of 
Kuzdas and Morse(14) to eliminate contam- 
inants and the brucella colonies were “repli- 
cated’(15) on 2-1 agar for examination of 
morphology. Lymph nodes from 4 additional 
cows were minced and similarly cultured. 


Results. The numbers of guinea pigs and 
tissue sites infected and the colonial types re- 
covered are recorded in Table I. M Br. suis 
variants mixed with S colonies were isolated 
from a liver abscess of one of the two guinea 
pigs sacrificed at 10 weeks. This variant was 
designated M1. Only S colonies were seen in 
cultures from other tissues of this animal. 
The other animal sacrificed at this time had 
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TABLE I, Extent of Infection and Colonial Types of Brucella Isolated from Infected Guinea 
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more marked gross pathological changes and 
its tissues yielded only S organisms, present 
in greater numbers than in the guinea pig with 
the mixed infection. 

At 12 weeks after inoculation mixtures of 
S and M colonies were recovered from the 
kidney of one guinea pig and from the liver, 
spleen, testes and a kidney of the second. 
These mucoid cultures were designated as 
M2-M6, respectively. With the exception of 
2 I colonies seen in cultures from the spleen 
of a guinea pig sacrificed at 16 weeks, other 
variant brucellae were not isolated from the 
animals inoculated with Br. suis. 

Br. suis variants were all small Gram-rods, 
were agglutinated (M type) by acriflavine 
but not by brucella S antiserum, did not fer- 
ment dextrose or lactose, grew in the presence 
of thionine but were inhibited by basic fuch- 
sin. Cultures M1 and M2 were susceptible 
to streptomycin, M3-M6 were resistant as was 
the S inoculum. Cultures M1, M2 and M3 
produced mixtures of S and M colonies on re- 
peated single colony transfers while the others 
maintained their colonial morphology. 

M Br. abortus variants were isolated from 
the testes of one guinea pig sacrificed at 16 
weeks and from an abscess of the testis of one 
guinea pig at 18 weeks. Only S organisms 
were recovered from the other animals inocu- 
lated with Br. abortus. Br. abortus variants 
were small Gram-rods, agglutinated (M type) 
by acriflavine but not by brucella S anti- 
serum, nonfermentative, streptomycin resis- 


tant and grew in the presence of basic fuchsin 
and thionine. 

Variant culture M6 of Br. suis and one of 
the Br. abortus variants were selected for viru- 
lence tests in guinea pigs. The results of these 
titrations were not appreciably different from 
similar titrations of M variants selected in 
vitro(6). ‘‘Reversion” from M to S occurred 
in tissues of guinea pigs inoculated with 5 
x 10° or more of the Br. suis variant. Lesions 
produced in these animals were comparable to 
those caused by other S cultures of Br. suis. 

A majority of guinea pigs inoculated with 
4x 108 or 4 x 10° cells of the Br. abortus vari- 
ant developed epididymal abscesses from 
which large numbers of M organisms were re- 
covered. Evidence of “reversion” to S was 
not found in any of the animals examined. 

M variants of Br. abortus were found in 
mixture with S colonies in cultures from 
stomach contents of 2 aborted bovine fetuses 
and rough (R) colonies in mixture with S 
were isolated from stomach contents and peri- 
toneal exudate from a third. Only S colonies 
were observed in cultures from all of the other 
bovine material. 

Discussion. Brucella variants arising spon- 
taneously from the smooth type were capable 
of establishing themselves in tissues of chron- 
ically infected animals. Evidence to be pre- 
sented indicates a correlation between changes 
in host defense responses at certain times dur- 
ing the course of infection and the ability of 
variants to proliferate. In this study variants 
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were isolated at least as often from unab- 
scessed as from abscessed tissues, indicating 
that the accumulation of toxic metabolites 
was not necessarily involved in selection, al- 
though such a mechanism appears to play a 
role in some experimental situations(6,7). 


The isolation of relatively large numbers of 
variants from bovine fetal material but not 
from maternal tissues requires further study. 
Lack of immune response by the fetus and the 
active immune mechanism of the mature ani- 
mal could be the sole selective determinant in 
this relationship. The possibility exists also 
that selective metabolites rnay accumulate in 
the fetus favoring establishment of variants. 
In view of the mixed populations found, it is 
difficult to see how this variation could have 
important bearing on further natural trans- 
mission of variant organisms as proposed by 
Huddleson(11). 


Summary. 1. Colonial variants of Br. suis 
and Br. abortus established themselves at cer- 
tain times in the tissues of guinea pigs inocu- 
lated with smooth cultures. 2. Colonial vari- 
ants of Br. abortus were recovered from the 
fluids of aborted bovine fetuses but not from 
milk of the aborting cows. 
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Previous studies from this laboratory(1) 
have shown that destruction of the median 
eminence of the hypothalamus in the dog does 
not lead to adrenocortical atrophy, but does 
prevent hypertrophy of the adrenal, either in 
response to stressful stimuli or to unilateral 
adrenalectomy. It therefore became of in- 
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terest to determine whether or not ablation of 
this hypothalamic center would also prevent 
the depression of ACTH secretion and conse- 
quent adrenocortical atrophy known to follow 
steroid administration(2). The changes oc- 
curring in adrenal weight and histology after 
the administration of various doses of hydro- 
cortisone to normal dogs, dogs with destruc- 
tion of the median eminence and dogs with 
lesions in other parts of the hypothalamus are 
the subject of this report. 


Materials and methods. All dogs were sub- 
jected to the same basic experimental plan. 


EFFECT OF HypoTHALAMIC LESIONS 


The left adrenal was first removed surgically. 
Starting at the time of left adrenalectomy, the 
animals received various doses of hydrocorti- 
sone acetate’ intramuscularly for 14 days. 
On the fourteenth day, the right adrenal was 
removed surgically. Both adrenals were dis- 
sected free of fat and connective tissue im- 
mediately after removal, washed with saline, 
blotted once on gauze and weighed on a lab- 
oratory balance. After formalin fixation, 
frozen sections of each adrenal were stained 
with sudan black, sudan four and the Schiff 
Reagent, and paraffin sections with hematoxy- 
lin and eosin. For each animal, the percent 
change in adrenal weight was calculated by 
dividing the right adrenal weight by the left, 
subtracting this figure from 1.00, and multi- 
plying by 100. Six normal dogs, 7 dogs with 
lesions of the median eminence and three dogs 
with lesions in other parts of the nervous sys- 
tem received 50 mg of hydrocortisone a day. 
Two normal dogs received 150 mg and four 
12.5 mg daily. Eight normal dogs, 8 dogs with 
lesions of the median eminence and 5 dogs 
with lesions in other parts of the hypothala- 
mus were given 6.25 mg every other day. 
Adult mongrel dogs of both sexes were used. 
Hydrocortisone was not injected on a weight 
basis, but the animals were picked so that the 
mean weights and weight ranges in each treat- 
ment group were essentially the same. The 
dogs were maintained on a diet of Ken-L- 
Biskit.|| Adrenalectomies were performed 
through the lateral approach, resecting the 
last rib. Hypothalamic lesions were per- 
formed by a technic which will be described 
elsewhere. Essentially, it consisted of inject- 
ing a radio-opaque contrast solution into the 
third ventricle and then inserting electrodes 
into the desired outlined structures under x- 
ray control, producing lesions by electrocoag- 
ulation. Eosinophiles were drawn in balanced 
oxalate, refrigerated immediately, and 
counted within 24 hours by a modification of 
the method of Dunger(3). The animals with 
hypothalamic destruction were permitted to 
recover for three weeks after their lesions were 


§ Hydrocortone Acetate, kindly supplied in part 
by Dr. F. K. Heath, Merck and Co., Rahway, N. Je 
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529 


produced. Their eosinopenic response to im- 
mobilization and surgical stress were then de- 
termined by the standard technics previously 
described(1,4). Four weeks after lesion pro- 
duction, their left adrenals were removed and 
steroid injection as outlined above initiated. 
At autopsy, the hypothalamus and pituitary 
of each dog was removed in one piece, fixed in 
formalin and serial sectioned after staining 
with Bullard’s hematoxylin and eosin. 


Results. Injecting 50 mg of hydrocortisone 
daily for 14 days produced a 20 + 1.9%" de- 
crease in adrenal weight and histologic evi- 
dence of adrenocortical atrophy in the normal 
dogs (Fig. 1,2). In the animals with destruc- 
tion of the median eminence adrenal weight 
decreased 22 + 4.0%. In the animals with 
lesions elsewhere in the brain, the decrease 
was 25 + 3.3%. Two of these dogs had le- 
sions in the suprachiasmatic portion of the 
hypothalamus and one had destruction of 
both amygdaloid nuclei. There was thus no 
significant difference in the degree of adrenal 
atrophy induced by hydrocortisone in these 3 
groups of dogs. 

In 2 normal dogs, 150 mg of hydrocortisone 
daily for 2 weeks produced a 17% decline in 
adrenal weight, while in 4 dogs, 12.5 mg a day 
produced a 22% decrease. Since neither of 
these figures is significantly different from the 
20% decrease produced by 50 mg a day, it 
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FIG. 2. 


can be concluded that all three doses induce 
maximal pituitary inhibition in the normal 
dog. 

On the other hand, 6.25 mg of hydrocor- 
tisone every other day was just sufficient to 
inhibit compensatory hypertrophy without in- 
ducing atrophy of the adrenal cortex (Fig. 
3,4). In contrast to the normal dogs on this 
dose of hormone, the dogs with destruction of 
the median eminence showed a 9.1 + 3.5% 
decrease in adrenal weight. This decline is 
significant at the 5% level when compared 
with the normal dogs, and is also significantly 
different from the figure for spontaneous vari- 
ation in weight between right and left adren- 
als(1). In contrast, the 5 dogs with hypo- 
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thalamic lesions sparing the median eminence 
showed an 8.0 + 27% increase in adrenal 
weight. In these dogs, the lesions were lo- 
cated just above the median eminence and 
below the dorsomedial nucleus. 

Mean left adrenal weight in the normal ani- 
mals receiving 50 mg of hydrocortisone per 
day was 46.1 + 1.2 mg/kg. In the dogs with 
destruction of the median eminence, it was 
41.4 + 2.9 mg/kg and in the 3 animals with 
lesions elsewhere, it was 49.1 + 3.2 mg/kg. 
The comparable figures for the animals re- 
ceiving 6.25 mg of hydrocortisone every other 
day was 50.6 + 4.9, 50.3 + 4.4 and 58.8 + 
6.7. The former figures agree well with those 
previously reported from this laboratory(1). 


The latter figures are somewhat higher be- 
cause each of the first two sub-groups (dogs 
with lesions of the median eminence and nor- 
mal dogs) included 2 animals with unexpect- 
edly large adrenals, presumably on the basis 
of stress before they were subjected to the 
present experiment. However, they were 
otherwise normal at the start of the experi- 
ment, and they responded to hormone injec- 
tion with the same weight and _ histologic 
changes as the other animals in their groups. 
Therefore, they were not excluded from the 
series. 

The eosinopenic response to surgical stress 
in the 15 dogs with destruction of the median 
eminence was 34 + 4.2% and the immobili- 
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zation response 25 + 9.0%. In the animals 
with other areas of cerebral destruction, the 
falls were 74 + 5.7% and 62 + 7.2% respec- 
tively, values well within the normal range. 
The difference between the two groups of ani- 
mals is significant at the 1% level for both 
the response to surgery and the response to 
immobilization. Similar results have been re- 
ported previously (4). 

Discussion. It has been known for some 
time that the administration of adrenocortical 
steroids to the intact animal leads to atrophy 
of the adrenal cortex(2). This response re- 
quires an intact pituitary, since concurrent 
administration of ACTH and cortisone to hy- 
pophysectomized animals has the same effect 
on adrenal size as ACTH alone(5), and corti- 
sone treatment of hypophysectomized rats 
does not change the rate of appearance of 
adrenal atrophy(6). On the other hand, ster- 
oid administered to the intact animal inhibits 
the adrenocortical response to stress in direct 
proportion to the dose of hormone injected 
(7). The present experiments were designed 
to determine whether destruction of the me- 
dian eminence or other hypothalamic centers 
abolished this effect of corticoids. 

The simple approach of treating dogs with 
hypothalamic lesions and controls with corti- 
cal hormone and then observing the extent of 
adrenocortical atrophy at autopsy is open to 
two objections: (1) it would be impossible to 
show that the lesions themselves had not pro- 
duced the atrophy, and (2), because of the 
variability of adrenal weight from dog to dog, 
an impractically large number of animals 
would have to be studied to obtain significant 
results. By removing the left adrenal at the 
start of steroid treatment and the right at the 
end of the experiment, adrenal weight and 
histology before steroid injection could be 
compared to that after injection in each dog. 
Since the statistical variation in weight be- 
tween the two adrenals in the dog is rela- 
tively slight(1), valid results could be ob- 
tained with fewer animals. 

It has been suggested that destruction of 
the median eminence in the dog does not pre- 
vent the “basal” secretion of sufficient ACTH 
to maintain normal adrenal size, but does pre- 
vent the normally occurring increase in 
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ACTH output in response to removal of one 
adrenal. If this hypothesis were true, one 
would expect the animals with lesions of the 
median eminence to show no atrophy of the 
left adrenals removed one month after their 
lesions were produced, at the start of the 
steroid injection. If steroid inhibition were 
not mediated through the median eminence, 
one would also postulate the same degree of 
atrophy in the right adrenals removed from 
normal and lesion animals after the injection 
of large doses of hydrocortisone. The smaller, 
partially inhibiting dose of hydrocortisone, on 
the other hand, would be expected to produce 
more atrophy in animals with destruction of 
the median eminence than in the controls, 
since with one adrenal removed, they are 
secreting less ACTH than the controls. 

The results bear out these propositions in 
detail. No atrophy was present in the left 
adrenals from the dogs with median eminence 
lesions, and they showed the same degree of 
atrophy after 50 mg of hydrocortisone daily 
as the controls. On the other hand, 6.25 mg 
of hydrocortisone every other day produced a 
9% decrease in adrenal weight in these ani- 
mals while it produced no change in the nor- 
mal controls. 

The 8% increase in adrenal weight after 
treatment with the smaller dose of hydrocorti- 
sone in the five animals with lesions of the 
hypothalamus sparing the median eminence is 
an unexpected finding. It is possible that 
steroid inhibition of ACTH secretion is medi- 
ated through a hypothalamic center effected 
by these lesions. A more probable explanation 
lies in the fact that these particular animals, 
unlike the controls, manifested considerable 
aversion to and struggled against the bi-daily 
injections. Irritability has been reported pre- 
viously after hypothalamic lesions(8), and 
although unusual in our experience, was 
definitely present in these dogs. It is possible, 
therefore, that the injections represented a 
stress of considerable magnitude in these dogs, 
and the resulting increase in ACTH produc- 
tion accounts for the observed increase in 
adrenal weight. 

The results thus indicate that although the 
increase in ACTH secretion associated with 
unilateral adrenalectomy and other stresses is 
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mediated through the median eminence of the 
hypothalamus, the decrease produced by ster- 
oid administration is not. Whether some 
other center in the hypothalamus or elsewhere 
is involved in the mediation of this phenome- 
non or whether it is due to a direct action of 
steroids or the pituitary cannot be stated at 
present. 

Summary. 1. Normal dogs, dogs with 
lesions of the median eminence, and dogs with 
lesions elsewhere in the brain were subjected 
to left adrenalectomy, then treated with hy- 
drocortisone for 14 days and their right 
adrenals removed. Some of the animals re- 
ceived 50 mg of hydrocortisone for a day and 
the remainder received 6.25 mg every other 
day. 2. Normal dogs showed a 20% decrease 
in adrenal weight and histologic atrophy on 
the larger steroid dose, while the smaller dose 
produced no weight change, being just suf- 
ficient to prevent the expected compensatory 
adrenal hypertrophy. 3. Dogs with destruc- 
tion of the median eminence of the hypothala- 
mus show no atrophy of the left adrenal re- 
moved one month after their lesions were pro- 
duced, and the same degree of decline in 
adrenal weight after administration of the 
larger dose of steroid as the controls. On the 
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other hand, they show a 9% decrease in 
adrenal weight on the smaller dose of hydro- 
cortisone. 4. Dogs with hypothalamic lesions 
sparing the median eminence show essentially 
the same pattern of response as the normal 
dogs. 5. It is concluded that an intact median 
eminence is necessary for the increase in 
ACTH secretion in response to stress, but not 
for the decrease that follows steroid injection. 


Special thanks are due Miss Hildegarde Junker, 
Mrs. Nancy MacArthur, and Miss Faith Bebchick 
for technical assistance. 
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RicHARD E. SHOPE. 


From the Laboratories of The Rockefeller Institute for Medical Research, New York. 


A tumor-like condition involving the skin of 
deer has been reported in recent years from 
Wisconsin(1), Virginia(2), California(3), 
and Vermont(4). Although the growths de- 
scribed in these reports have been variously 
identified as “papillomas,” “fibromas,” “‘wart- 
like structures,’ and “fibrosarcomas,” the 
photographs of affected animals illustrating 
each of the reports indicate rather clearly that 
the growths of the animals from all 4 locali- 
ties are the same. Furthermore, they appear 
to be identical with a growth that has been 
observed repeatedly in deer killed in New Jer- 
sey during the past 3 years. It is the purpose 


of the present paper to report the transmission 
of this growth to normal deer under experi- 
mental conditions and to give evidence indi- 
cating that the causative agent is a virus. 
Materials and methods. Six affected deer 
killed in New Jersey and generously given to 
the author by the Division of Fish and Game, 
New Jersey Department of Conservation and 
Economic Development,* furnished the start- 
ing material for this study. All animals bore 


*I am indebted to Mr. L. G. MacNamara, Mr. 
J. C. Sweet, Mr. Robert Mangold, and Mr. F. C. 
Craig for their enthusiastic cooperation in seeing to 
it that I was adequately supplied with affected deer. 
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multiple skin growths and in 2 of them the in- 
volvement of the skin of the head and neck 
was so extensive that the animals had been 
destroyed by game wardens for humane rea- 
sons. Individual growths ranged in size from 
0.5 cm to as much as 10 cm in diameter. On 
cut section they were firm, white, and fleshy 
and had the typical gross appearance of 
fibromas. Individual growths were overlain 
by a rind of thickened epithelium which was 
frequently darkly pigmented. Histological 
examination of the growths, made by Dr. 
Keith Dumbell, revealed them to be fibromas 
of remarkably uniform cellular pattern. A 
detailed description of the histopathological 
studies will be reported later. In our attempts 
to transmit the growth experimentally, 
fibromas of naturally-affected deer were em- 
ployed as starting material. These had been 
stored at + 0° F in 50% glycerol-saline since 
their initial collection and the growths from 
3 animals were pooled in preparing each of 2 
suspensions to test for infectivity. Pool A 
contained fibromas from Deer 1, killed in 
September, and Deer 2 and 3 killed in Novem- 
ber of 1952. Pool B contained growths from 
Deer 4 and 5 killed in December 1952 and 
Deer 6 killed in January 1954. At the time 
they were tested for infectivity, the fibromas 
of Pool A had been stored at least 22 months 
and those of Pool B at least 9 months. Pieces 
of the fibromas containing overlying epithel- 
ium as well as fibromatous tissue were washed 
free of adherent glycerol, minced fine with 
scissors and then ground with sterile sand in a 
mortar to make 10% suspensions in buffered 
saline (pH 7.0). These suspensions were 
then centrifuged at about 1500 R.P.M. for 30 
minutes and the supernatants decanted and 
saved. The supernatants were designated as 
“unfiltered suspensions A or B.” Next a por- 
tion of each of these suspensions was filtered 
first through paper and then through Berke- 
feld N candles and the resultant clear filtrates 
designated as “filtrates A or B” to correspond 
respectively with unfiltered suspensions A and 
B. The suspensions and filtrates were stored 
frozen in sealed vials in solid CO. for about 
24 hours before administration to experi- 
mental deer. 

The experimental deer used were 2 Virginia 
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white-tailed bucks (Odocoileus virgimianus) 
about 5 months of age. They had been ob- 
tained in nature as orphaned fawns and bottle 
fed on cows’ milk until weaning time.t The 
hair was removed by electric clippers from 2 
areas roughly 12 x 12 cm on the left side of 
each animal just prior to inoculation. The de- 
nuded areas of skin were then scarified with a 
curved cutting surgical needle deeply enough 
to cause oozing of blood-tinged fluid along at 
least portions of the scarifications. Immedi- 
ately after this the preparations to be tested 
for infectivity were applied to the scarified 
surfaces from Luer syringes and rubbed into 
the scarifications with sterile glass rods. The 
animals were held in restraint for a few min- 
utes after inoculation to permit partial drying 
of the inoculated areas of skin. Bandages 
were not applied as it was felt these would 
serve no useful purpose so far as the possible 
prevention of cross-infection was concerned. 
Each animal licked its own areas of inocula- 
tion after release but neither was observed to 
lick those of its companion. Experimental 
Deer 8 was inoculated with Filtrate A on the 
anterior and Filtrate B on the posterior area 
of clipped skin while Deer 9 received unfil- 
tered suspension A anteriorly and suspension 
B posteriorly. 


Results. The scarifications that had been 
made by the needles healed promptly and 
nothing was seen or palpated at the sites of 
inoculation until approximately 7 weeks had 
gone by. Then the lines along which the 
needle scratches had been made took on a 
pigmented appearance and tiny elevations 
could be felt along them. Two weeks later, 
the nodules palpable over the scarified areas 
seemed to have increased slightly in size and 
perhaps also in numbers. So far as could be 


+I am grateful to Mr. A. Heaton Underhill, Di- 
rector of the Division of Fish and Game, and to Mr. 
L. G. MacNamara, Superintendent of Wildlife 
Mangagement of the N. J. Department of Conser- 
vation and Economic Development, for making these 
fawn available to me. Mr. Thomas Hodulik reared 
and cared for them on his farm near Pittstown, N. J. 
and much of the success of the experiment was de- 
pendent upon the skillful attention the animals re- 
ceived from him. It is a pleasure to thank him for 
his part in the work. 
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told, there was no difference in the size, num- 
ber, or character of the nodules on Deer 8, 
which had received filtered material and those 
of Deer 9, which had received unfiltered sus- 
pension. On both animals the growths on the 
areas inoculated with the A preparations ap- 
peared to be more numerous and slightly 
smaller than were those on the areas inocu- 
lated with the B preparations. By 11 weeks 
after inoculation inspection left no doubt that 
the small nodules had definitely increased in 
size. 

Deer 9, inoculated with the unfiltered sus- 
pensions, was sacrificed and autopsied 14 
weeks after inoculation at a time when its 
growths, and those of Deer 8, were gradually 
increasing in size. Those on the anterior area 
(inoculated with suspension A) were dark 
brown and thick set in lines corresponding to 
the original pattern of needle scratches. They 
were between 1 and 2 mm in height and di- 
ameter. The growths on the posterior inocu- 
lated area (inoculated with suspension B) 
were similar, though somewhat less numerous 
and considerably larger, some of them meas- 
uring as much as 5 mm in diameter and 3 to 
4 mm in height. On cut section the surfaces 
were white, firm, and fleshy with an overlying 
rind of thickened, pigmented epithelium. In 
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the gross they appeared identical with the 
naturally-occurring deer fibromas but were 
much smaller. Under the microscope the 
small growths from Deer 9 had the same re- 
markably uniform cellular pattern as had 
been seen in the original naturally-occurring 
fibromas. 


Deer 8 is being continued under observa- 
tion to determine the eventual fate of its 
growths. 


Summary. A naturally-occurring fibroma 
of the skin of deer has been transmitted ex- 
perimentally. The causative agent survives 
for at least 22 months in fibroma tissue stored 
in 50% glycerol-saline at O°F and further- 
more is filterable through Berkefeld N filters, 
properties characteristic of a virus. The ex- 
perimentally produced deer fibroma has an 
incubation period of approximately 7 weeks 
and a very slow rate of growth. 


1. Chaddock, T. T., Wisconsin Conservation Buill., 
1939, v4, 31. 

2. Quortrup, E. R., Virginia Wildlife, 1946, v7, 15. 

3. Herman, C. M., and Bischoff, A. I., California 
Fish and Game, 1950, v36, 19. 

4. Wadsworth, J. R., J. Am. Vet. Med. Assn., 1954, 
v124, 194. 
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Influence of High Levels of Vitamins on Resistance of Chicks to 


Fowl Typhoid.*t 


(21643) 


C. H. Hitt, H. W. Garren, J. W. Keity, anp C. W. BARBER. 
(Introduced by G. Howard Satterfield.) 
From Department of Poultry Science, N. C. State College, Raleigh, N.C. 


The reaction of experimental animals to in- 
fection is controlled by both genetic and en- 
vironmental influences. One important en- 
vironmental factor influencing the response to 
infection is composition of the diet. (See re- 
views 1,2). Schneider et al.(3,4) have shown 
that diet can play an important role in the 


* Contribution from the Department of Poultry 
Science, N. Carolina Agricultural Experiment Sta- 
tion as Journal Paper 626. 

+The authors are indebted to Merck and Co, 
Dawe’s Laboratories, Lederle Laboratories, and the 
Heterochemical Corp. for the various vitamins used. 


resistance of mice to Salmonella infections. 
Infections by Salmonella organisms cause im- 
portant economic losses in poultry due to pul- 
lorum, paratyphoid, and typhoid diseases. 
Therefore a series of investigations has been 
undertaken to determine the effect of diet on 
resistance of chicks to one of the important 
Salmonella infections, fowl typhoid. 

The first investigations of this series were 
undertaken to determine the influence of diet- 
ary vitamins on resistance of chicks to fowl 
typhoid. Most investigations un the role of 
vitamins in resistance to disease have been 


536 


concerned with vitamin deficiency. No work 
has been reported on the effect of feeding all 
known required vitamins at levels in excess of 
those considered adequate for normal growth. 
The purpose of the present studies was to de- 
termine the effect of a 10-fold excess of these 
vitamins on resistance of chicks to fowl 
typhoid. 

Methods. The basal diet throughout these 
studies consisted of solvent extracted soybean 
oil meal 47%, ground yellow corn 48%, de- 
fluorinated phosphate 2.0%, limestone 1.5%, 
NaCl 0.5%, DL-methionine 0.3%, mineral 
mix 0.2%, vitamin mix 0.5%. The mineral 
mix contained 30.5% manganese sulfate, 
4.4% magnesium sulfate, 2.0% ammonium 
sulfate. The vitamin mixture at 0.5% sup- 
plied the following amounts of vitamins per 
pound of diet: thiamine HCl 0.9 mg, ribo- 
flavin 1.6 mg, calcium pantothenate 5.0 mg, 
niacin 8.0 mg, pyridoxine HCl 1.6 mg, biotin 
45 peg, folic acid 0.45 mg, vitamin By2 3 yg, 
choline chloride 700 mg, DL-alpha tocopherol 
acetate 10 mg, menadione 10 mg, vit. A (sta- 
bilized) 3000 I.U., vit. D (dry form) 180 In- 
ternational Chick Units. These levels of vita- 
mins are adequate for normal growth of the 
chick. The vitamins were premixed in ground 
yellow corn which made it possible to change 
the vitamin content of the diet with but slight 
change in composition of the diet. In Exp. 1 
the resistance of chicks fed the basal diet was 
compared with a group fed a vitamin level ten 


times that of the basal plus 0.1% ascorbic © 


acid. The vitamin supplement was _ substi- 
tuted for corn. In Exp. 2 in addition to chicks 
fed the basal diet and high levels of vitamins 
plus 0.1% ascorbic acid, groups were also fed 
high levels of fat soluble vitamins alone, high 
levels of water soluble B vitamins alone, and 
0.1% ascorbic acid alone. The levels of fat 
soluble and water soluble B vitamins were the 
same as those in the complete high vitamin 
supplement. In this experiment the fat sol- 
uble vitamins and water soluble B vitamins 
were premixed in ground yellow corn and sub- 
stituted for the corn in the diet. Ascorbic acid 
was added to the basal diet to replace corn. 
The chicks were a broiler strain of New 
Hampshire obtained from a commercial hatch- 
ery. They were placed in electrically heated 
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battery brooders with raised wire floors at one 
day of age. Forty chicks were placed on each 
experimental diet in each experiment. Chicks 
were grown for 4 weeks in the battery brood- 
ers prior to inoculation with S. gallinarum. 
To minimize any influence that differences 
in total feed intake might have on the results, 
the feed consumption of all groups was equal- 
ized during the 4 week pre-inoculation period, 
by removing each day the feed from the group 
which had consumed the most feed during the 
previous 24 hours and the subsequent removal 
of the feed from each group as its feed con- 
sumption reached that of the first group. 
When all groups had consumed the same 
amount, the feed was returned and the pro- 
cedure was repeated each day of the 4 week 
pre-inoculation period. After inoculation all 
lots were fed ad libitum, water also ad libitum 
throughout experimental period. The infec- 
tious agent, S. gallinarum, was isolated from a 
chicken tested in the diagnostic laboratory. 
The culture has been designated as strain 
661A. The organism was grown on Proteose 
No. 3 agar (Difco) for 24 hours at 37°C. 
The bacteria were washed from the agar with 
sterile saline (0.85%) and diluted with sterile 
saline to 8% light transmission on a Coleman 
Spectrophotometer, model 14, using a PC-4 
filter, at wave length 650 ». One ml of this 
suspension was given per os to each chick. 
The resulting disease ran its course and the 
experiment terminated approximately 3 weeks 
after inoculation date. By this time mortal- 
ity had ceased and survivors appeared to be 


BASAL 


Li 
3 


ORTA 
00 
° 


10 X ALL VITAMINS , 
O.1 BASCORBIC ACID 


% CUMULATIVE M1 


6.7 Our 9 eons 


CASTS I Se Oneal 7a 
DAYS AFTER (NOCULATION 
Effect of high levels of vitamins on re- 
sistance of chicks to fowl typhoid. 


EBIGreme ls 


VITAMINS AND RESISTANCE TO TYPHOID 


OX VITAMINS ADEK 


%o CUMULATIVE MORFALITY 


6 7 3 9 (Of) Zz Si iS VS) 78/8 TPZO 
DAYS AFTER /NOCULATION 


FIG. 2. Effect of high levels of vitamins on re- 
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rapidly recovering from the effects of the in- 
fection. 

Results. The first experiment was under- 
taken to determine the effect of high levels of 
vitamins on resistance of chicks to fowl ty- 
phoid. While ascorbic acid is not considered 
to be a dietary essential for chickens, some 
evidence exists(5) that under certain condi- 
tions this vitamin exerts a favorable influence 
on growth of young chicks. Therefore, 0.1% 
ascorbic acid was included in the diet of the 
group fed high levels of vitamins. The re- 
sults of this study are presented in Fig. 1. 
The group fed the high levels of vitamins died 
at a slower rate than the controls and the to- 
tal mortality was much less. 

The second experiment was undertaken to 
determine if the effect of high levels of vita- 
mins was due to a particular group of vita- 
mins. The vitamins were arbitrarily divided 
into fat soluble vitamins, A, D, E, K (mena- 
dione), water soluble B vitamins, and ascorbic 
acid. The vitamins in each of these groups 
were fed at the same level as in the diet of the 
group getting the complete high vitamin sup- 
plement. The results of this experiment are 
presented in Fig. 2. 

Although the mortality of the chicks on the 
basal diet was much lower than in Exp. 1, 
high levels of all vitamins again exerted a pro- 
nounced protective effect. However, no sin- 
gle group of vitamins increased the resistance 
of chicks to infection. In fact, mortality 
among chicks on high levels of fat soluble 
vitamins, A, D, E, K, was much higher than 
mortality of the basal group. The reason for 
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the increased mortality rate in this group is 
at present unknown. It is clear that increased 
resistance due to feeding high levels of vita- 
mins is not due to a single vitamin, but to 
some combination of vitamins which are dis- 
tributed among the various groups. 

Discussion. There are several possible ex- 
planations of the protective effect of high 
level of vitamins. It is possible that this level 
of vitamins speeds the immunological re- 
sponse of the chicks to the infection. There 
is also the possibility that tissues of the intes- 
tinal tract and internal organs are more re- 
sistant to invasion by the bacteria under con- 
ditions of high vitamin intake. Since this 
infection in chicks is characterized by an ele- 
vated body temperature, and therefore an in- 
creased metabolic rate, the possibility exists 
that the requirement for all nutrients, includ- 
ing vitamins, is increased during this infec- 
tion. Another feature of the infection is an- 
orexia. It is possible that under the condi- 
tions of reduced feed intake, the high levels of 
vitamins are more nearly meeting the require- 
ment of the chick for normal metabolic func- 
tions. Finally, there also exists the possibility 
that the metabolism of the bacteria in the in- 
testinal tract is influenced by the vitamin con- 
tent of the diet, rendering them less able to 
produce the symptoms of the disease. Work 
is being conducted to further elucidate these 
aspects of the mechanism of protection by 
high levels of vitamins. 

Summary. Levels of all known required 
vitamins 10 times in excess of that required 
for normal growth, plus 0.1% ascorbic acid 
decreased the mortality rate of chicks ex- 
perimentally infected with S. gallinarum. Ex- 
cess quantities of fat soluble vitamins, water 
soluble B vitamins, or ascorbic acid alone, did 
not reduce mortality from this infection. 


1. Schneider, H. A., Vitamins and Hormones, 1946, 
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Description of a B; Lipoprotein Found in Chylomicron Layer Obtained by 


Ultracentrifugation of Serum.* 


Frep M. HunTeER. 


(21644) 


(Introduced by M. H. Hack.) 


From Department of Medicine, Tulane University School of Medicine, New Orleans, La. 


The physical appearance of serum after 4 
hours ultracentrifugation has been described 
by Turner and associates(1) (Fig. 1). Nor- 
mally the top, chylomicron, zone (Fig. 1, a) 
was white and easily dispersed by convection. 
Occasionally a bright yellow material, (Fig. 
1, b; be) usually solid at room temperature, 
was observed at the top of the tube in addi- 
tion to the chylomicra. Preliminary study 
suggested that this material might be a B, 
lipoprotein because of its rich content of 
acetal lipide and because the yellow color sug- 
gested pigmentation due to carotene. The 
following studies seem to confirm this hy- 
pothesis. 


Methods. Blood from 30 fasting subjects 


6.35 


FIG. 1. Serum, following 4 hr ultracentrifugation. 
a. Chylomicron zone: white, milky, width of band, 
2-4 mm. b. Yellow material: adhered to side of 
tube; b,, solid, scraped from bottom of cap; 
b., solid or fluid. ¢. Water clear zone. d. Yellow 
turbid zone: primarily B, lipoprotein; width of 
band, 0.8-1.8 em. e, Clear yellow-brown, color in- 
creases toward bottom of tube. 


* Supported in part by grants from the Atomic 
Energy Commission and the U. S. Public Health 
Service. 


(16 normal male medical personnel, 14 patients 
from the medical wards of Charity Hospital) 
was allowed to clot and the serum was sepa- 
rated by centrifugation in an International 
refrigerated centrifuge at 15°C. This serum 
was immediately submitted to ultracentrifu- 
gationt at 12-15°C for 4 hours at ca. 200,000 
g; the resulting zones, (Fig. 1), were then 
carefully aspirated. A 1 ml sample of aspir- 
ated material, freeze-dried and extracted with 
3 ml chloroform:methanol (4/1:v/v), was 
sufficient for circular filter paper chromatog- 
raphy(2). Lipide analysis required 3 ml of 
sample (freeze-dried) extracted with 50 ml 
chloroform: methanol, clarified by filtration 
through sintered glass filters of medium por- 
osity. Phosphorus was estimated by the tech- 
nic of Horecker, e¢ al.(3), cholesterol by the 
technic of Sperry and Brand(4) as modified 
by Sobel and Mayer(5) and total carboxylic 
esters by a hydroxamic acid procedure(6). 
Paper electrophoretic examination of these 
aspirated samples was effected at pH 8.6 
(0.05M sodium barbital) during 14-16 hours 
at a potential of 125 volts (4 m.a.) using a 
Kunkel type apparatus(7) with no provision 
for cooling below room temperature. Brom- 
phenol blue (0.1% in ethanol saturated with 
mercuric chloride) was used to demonstrate 
the protein pattern. The brown color which 
developed when the papers were exposed to 
the vapors of 1% aqueous osmium tetraoxide 
was used as an index of unsaturation. The 
presence of acetal lipide was determined by 
immersing the nearly dry paper in 10°M 
aqueous mercuric chloride for 1 minute, then 
in fuchsin sulfurous acid for 5 minutes fol- 
lowed by repeated washings in 0.05M  sul- 
furous acid during 2 hours(2). Carotene was 


+ Spinco Model E Ultracentrifuge. ca. 52,000 RPM 
using a special Spinco rotor head for 16 tubes, set 
11° from vertical axis. Each tube with a capacity 
of about 6.7 ml is fitted with a metal cap which 
projects 4 mm into the tube. 
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FIG. 2. Absorption spectra (in chloroform). a. B, 

lipoprotein aspirated from ultracentrifuge tube 

(Fig. 1, d); max 460, 483. b. The yellow material 

(Fig. 1, b,, be) ; max 457, 485. e. Pure B-carotene 
(8,10) ; max 466, 497. 


isolated by differential extraction with petro- 
leum ether and 85% methyl alcohol(8). The 
petroleum ether layer was collected and dried 
in an atmosphere of nitrogen at 60°; the 
orange residue was then taken up in chloro- 
form for spectrophotometric analysis using 
the Beckman Model B_ Spectrophotometer, 
(Higs2)). 

Results. Table I compares the chemical 
data from 5 cases with normal white chylo- 
micron zones (Fig. 1, a) with 6 cases in which 
the yellow material (Fig. 1, by be) was solid 
and separable from the white chylomicra. 
The mole ratios of the various lipides in the 
yellow material show a trend away from the 
values characteristic of normal white chylo- 
micra (a large free cholesterol/total choles- 
terol ratio, a small cholesterol/phosphorus ra- 
tio and a large proportion of neutral fat)? 
toward the ratios characteristic of B, lipopro- 
tein. 


t Neutral fat was estimated from total lipide ester 
data in the conventional fashion attributing one ester 
linkage to each mole cholesterol -ester, two to each 
mole of phospholipide and three to each mole of 
neutral fat. Because the yellow material contained 
acetal phospholipide, attributing 2 ester linkages to 
phospholipide leads ito some error. 
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The presence of the yellow material was 
associated with great (as much as 10 fold or 
more) increases in lipide concentration in the 
chylomicron zone. A disproportionate in- 
crease in total cholesterol was noted in 3 cases 
(Table I, Group II). Biuret(9) determina- 
tions for protein were done on some of these 
samples, but the values obtained were too low 
to be reliable especially since the turbidity 
caused by the high lipide content was difficult 
to clear. 


When examined by paper chromatography 
(2) the white chylomicron zone (Fig. 1, a) 
the water clear zone (Fig. 1, c) and the bot- 
tom zone (Fig. 1, e) gave a negative to faintly 
positive spot-test for acetal lipide; whereas 
the solid yellow material (Fig. 1, b; bs) and 
the turbid zone (Fig. 1, d) gave strongly posi- 
tive reactions. Concomitant stains for choline 
and for phosphorus indicated that the acetal 
was primarily a choline-containing phospho- 
lipide. It was found that extracts should be 
tested promptly for acetal lipide because as 
early as 24 hours after preparation some ex- 
tracts give a ‘‘false-positive” reaction, 7.e. one 
not dependent on HgCls for liberation of alde- 
hyde. This “false-positive” reaction  in- 
creased as the extracts became older and was 


TABLE I. Mole Ratios Calculated from Lipide 

Assay Data on (I) White Chylomicra (Fig. 1, a); 

(II) the Yellow Material (Hig. 1, b, bs); (111) B, 

Lipoprotein (Fig. 1, d); (1V) Data Cited by 

Onecley and Gurd(13) on B, Lipoprotein Obtained 
by the Cohn Fractionation Technic. 


Total 


Free cholesterol Total cholesterol lipide esters 


Total cholesterol Lipide phosphorus Phosphorus 


I 66 .80 25 
O38 95 PAT 
A530) sb 14 
1.0 Ort 18 
66 53) 25 
IL aa 3.26 9.8 
21 2.98 ANF 
POD Coe) — 
43 1.4 2 
43 1heae 3 
24 at 16 
INBE .29 1.9 6 
22 LT 5 
LV PATE Dell — 


*Values for cholesterol quite low (0.02 milli- 
moles JY). 
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generally confined to the acetone soluble frac- 
tion. Paper electrophoresis of white chylo- 
micra was not very informative because these 
chylomicra did not move from the point of 
application(11). However, the chylomicron 
zones which contained the yellow material 
produced a brownish streak, extending from 
the point of application to the B globulin 
area, when the papers were exposed to os- 
mium tetraoxide vapors. The mother serum 
in such instances. displayed osmophillia 
streaked from the point of application to the 
area between B and as globulin where the 
major (B, lipoprotein) osmophillia was ob- 
served... These osmophillic areas stained 
strongly for acetal lipide but did not visibly 
stain for protein. 

When the white chylomicron zone from 8 
cases was studied in the analytical ultracentri- 
fuge by the technique described by Gofman, 
et al.(12) the chylomicra were of such size 
and density that the advancing boundary 
passed from the viewing screen usually before 
full rotor speed could be attained which in- 
dicated an S; of greater than 100. When the 
vellow material from 8 cases was studied in 
the same manner the analytical schlieren re- 
vealed material with S- 15-25. 

Fig. 2 compares the absorption spectrum 
obtained from the yellow material (one case 
whose chylomicron zone contained sufficient 
yellow material, Fig. 1 b; be, for accurate 
spectrophotometric analysis) with a typical 
absorption spectrum obtained from material 
aspirated from the turbid band (Fig. 1, d) in 
the middle of the ultracentrifuge tube. 

We observed 14 cases which appeared to be 
intermediate between the well characterized 
white chylomicra and the equally well charac- 
terized yellow material. Of this group, 4 
were found to have a yellowish tinge only 
when examined against a white background 
with a bright light; 7 displayed an obviously 
yellow color, and on 3 occasions small quanti- 
ties of fluid yellow material (Fig. 1, bs) were 
concentrated about a centimeter from the top 
of the tube. Complete analysis was not done 
in each of these cases; however, no observa- 
tions were made which were incompatible with 
the notion that these cases contained small 
concentrations of the yellow material. 
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Discussion. We believe the yellow material, 


herein described, is a B, lipoprotein enough |]} 


laden with lipide that it no longer retains its | 
characteristic density, but floats to the top of 
the ultracentrifuge tube during preparative 
ultracentrifugation. This altered density is | 
manifested in the analytical ultracentrifuge 
by an increased S,;. (The figure cited for 
“normal” B, lipoprotein is Ss 4-6(14-15)). 
This low density lipoprotein retains enough 
charge to display electrophoretic mobility 
when paper is used as the supporting medium. 
That the protein content is quite low seems 
apparent from the low Biuret determinations 
and the failure to stain with bromphenol blue. 

Acetal phospholipide(14) and carotenoids 
(14,15), perhaps chiefly B-carotene, have 
been found to be regularly associated with B, 
lipoprotein, and are characteristic components 
of the low density lipoprotein described here. 
These studies suggest that B,; lipoprotein may 
not be a precise chemical structure but rather 
a spectrum of lipoproteins varying in lipide 
load. The material we have studied may rep- 
resent one extreme of this spectrum. 

We have been unable to establish a direct 
correlation between these observations and 
the clinical state of the subject studied. 

Summary. We describe a component of 
the chylomicron zone obtained by ultracen- 
trifugation of human sera which qualitatively 
resembles B, lipoprotein in its carotene and 
acetal lipide content and in its paper electro- 
phoretic mobility. The increased S; observed 
seems to be related to the high lipide content 
of this material. 


The technical assistance of Ediberto Blasini is 
gratefully acknowledged. 
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Paramecin 3, A Killer Substance Produced by Paramecium bursaria.* 


(21645) 


TzEeE-TUAN CHEN. 


From Department of Biology and Hancock Foundation, University of So. California, Los Angeles. 


Certain clones of Paramecium produce 
substances that kill certain other clones of 
Paramecium. The former clones have been 
called “‘killers’”’; the latter, “sensitives.”” The 
toxic substances have been called “killer sub- 
stances” or “paramecins.” The killer sub- 
stances produced by P. aurelia and the genetic 
mechanism of their production have been ex- 
tensively studied by Sonneborn(1-3), Preer 
(4,5), Preer and Stark(6), Preer, Siegel and 
Stark(7), Dippell(8) and Chao(9). The 
present paper describes 2 killer substances 
produced by another species of Paramecium, 
P. bursaria. 

Killer Substances Produced by Paramecium 
bursaria. (1) Paramecin 22: In 2 earlier pa- 
pers(10,11), the writer has reported a killer 
substance produced by a _ Russian clone, 
Ru22. This killer substance is herewith 
named ‘“paramecin 22.” A number of its ef- 
fects on the sensitive clone Enl have been 
observed. These effects may be listed as fol- 
lows: sluggishness, apparently as a result of 
the slowing up of ciliary action; darkening of 
color; distortion of form; stickiness of sur- 
face, leading to pairing or clotting of the ani- 
mals: nuclear changes in paired and clotted 
animals, and in some single animals; death. 


* Aided by grants from the National Microbiolo- 
logical Institute of the National Institutes of Health, 
Public Health Service; Microbiology Branch, Office 
of Naval Research; and Council on Pharmacy and 
Chemistry of the American Medical Assn. 


Paramecin 22 is apparently relatively 
weak, since it affected only some clones of P. 
bursaria, and only a few of their animals. 


(2) Paramecin 34: This killer substance 
was produced by a clone (Mi34) of P. bur- 
saria collected in northern Minnesota. It 
affected most clones of P. bursaria and most 
of the sensitive animals tested. When sensi- 
tive animals of P. bursaria (clone En1, Fig. 1) 
were mixed with this killer clone, most of the 
sensitives became abnormal and died. Es- 
sentially the same results were obtained when 
the sensitives were placed in the animal-free 
fluid from a culture of Mi34. Within ap- 
proximately twelve hours at room tempera- 
ture, abnormalities in color and form ap- 
peared; the animals darkened and swelled, 
showing a tendency to become cylindrical in 
form (Fig. 2). By the 17th hour some ani- 
mals had died. By the 24th hour many ani- 
mals had died. By the 40th hour most of the 
animals had died. In the control, sensitives. 
remaining in their own culture fluid, all ani- 
mals were normal. The affected animals be- 
came unusually active in movement indicat- 
ing that the killer substance affected the cilia. 
In many of these animals blisters of consid- 
erable size were found along the side of the 
body (Fig. 3). Many of the animals burst 
as they died, releasing their nuclei and their 
symbiotic algae (Fig. 4). Stained affected 
animals showed all nuclei in the resting stage 
and no nuclear changes. Apparently para- 
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FIG. 1-4. Effect of killer substance paramecin 34 on sensitive clone Ent. 


 : 


FIG. 1. Normal sensitive animal before it had been placed in the culture fluid containing 


the killer substance. 


FIG. 2. Approximately 12 hr after the sensitive animal had been placed in the killer culture 
fluid. Note its darker color and a tendency to become eylindrical in form. 

FIG. 3 and 4. Approximately 16 hr after the sensitive animals had been placed in the killer 
culture fluid. Note blister at one end of the animal in Fig. 3 and bursting of animal in Fig. 4. 


mecin 34 affected only the cytoplasm. 

Paramecin 34 killed not only sensitive 
clones (Enlil, Mil08, Mi62, etc.) of P. bur- 
saria, but also sensitive clones P and 31 of 
P. aurelia and a clone of P. multimicronucle- 
atum. 


Comparison between Paramecin 22 and 
Paramecin 34. These 2 killer substances had 
different effects on the sensitive clone Enl. 
In paramecin 22 sensitives became distorted, 
but not swollen; in paramecin 34 swelling oc- 
curred. In paramecin 22 the surface of the 
animals became sticky and clumping oc- 
curred; no such effect was produced in para- 
mecin 34. In paramecin 22 nuclear changes 
occurred in single animals; this was not 
found in paramecin 34. In paramecin 22 the 
sensitive animals became sluggish, in para- 
mecin 34 the animals became unusually ac- 
tive. 

Summary. Certain clones of Paramecium 
produce substances that kill certain other 
clones of Paramecium. The former clones 
have been called “killers”; the latter ‘‘sensi- 


tives.” The toxic substances have been 
called “killer substances” or ‘‘paramecins.” 
The present paper describes 2 killer sub- 
stances produced by Paramecium bursaria. 

Paramecin 22: This killer substance pro- 
duced by clone Ru22 had the following ef- 
fects on clone Enl: sluggishness, apparently 
as a result of the slowing up of ciliary action; 
darkening of color; distortion of form; sticki- 
ness of surface, leading to pairing or clotting 
of the animals; nuclear changes in paired and 
clotted animals, and in some single animals; 
death. 

Paramecin 34: This killer substance pro- 
duced by clone Mi34 had the following ef- 
fects on clone Enl: darkening of color; un- 
usually active movements; swelling, develop- 
ing of blisters, bursting; death. No nuclear 
changes were found. 
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Effect of Acclimatization to Altitude on Susceptibility of Mice to Influenza 


A Virus Infection.*t 


(21646) 


L. JoE Berry, RoLanp B. MitcHELL, AND Davin RUBENSTEIN.? 


From the Department of Biology, Bryn Mawr College, Bryn Mawr, Pa., and Departments of 
Microbiology and Biometrics, USAF School of Aviation Medicine, Randolph Field, Texas. 


Exposure of mice to simulated 20,000-foot 
altitudes for 3 weeks induces an increased 
susceptibility to intraperitoneal infection with 
S. typhimurium(1), not correlated with meas- 
urable changes in cellular or humoral defense 
mechanisms. It was postulated, therefore, 
that some undetermined metabolic alteration 
accompanying hypoxic stress underlies the 
observed change in resistance to infection. In 
contrast to this effect is the greater resistance 
to S. typhimurium of mice made anemic by 
standardized hemorrhage(1,2). Anemic ani- 
mals, however, show an enhanced cellular de- 
fense system, compared to that of normal 
mice, as evaluated by im vitro phagocytic 
measurements(2) and the ability of spleens 
to remove intravenously injected thorotrast 
(1). These changes offer a rational basis for 
the increased resistance of anemic mice but 
no such effect was found in altitude-exposed 
mice. 


The present report is concerned with the 
response of normal mice, anemic mice, alti- 
tude-exposed mice, with and without a period 
of recovery, to artificially induced infections 
with influenza A virus. Kalter and Tepperman 
(3) found less virus synthesis, as measured by 
hemagglutination titer, in lungs of mice sub- 


* This study was supported by funds provided 
under contract with the USAF School of Aviation 
Medicine, Randolph Field, Texas. 

+ Assistance of Elenore Schewe and Dorothy S. 
Smythe is gratefully acknowledged. 

t Present address: Statistical Laboratory, 
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jected to hypoxia than in control mice. Their 
mice were kept at simulated 30,000 foot alti- 
tudes for from 3 to 24 hours postinfection. 
The results described below reveal that, under 
the conditions of the experiments, hypoxia 
renders the mice more resistant to influenza 
infection. 

Methods. The procedure for acclimatizing 
mice to simulated high altitude and the ap- 
paratus employed for the purpose have been 
described in detail previously(1). Pressure 
in the decompression chambers was set initial- 
ly equal to that at 15,000 feet and it was de- 
creased daily by an amount equivalent to an 
elevation of 1,000 feet until the pressure at 
20,000 feet was reached. This was main- 
tained for the remainder of the 3-week period 
of adaptation. The animals were kept con- 
tinuously at these pressures except for a few 
minutes each day during which fresh food and 
water were placed in the chambers and the 
bedding was renewed. Animals were made 
anemic by standardized hemorrhage accord- 
ing to the method of Tabor et al.(4). At 
each bleeding 0.4 ml of blood was removed 
from each mouse, an amount equivalent to 
about 2% of body weight. All animals were 
bled thrice weekly for a total of 9 bleedings. 
Both erythrocyte number and hemoglobin 
content of the blood are reduced about 50% 
by this procedure(1). The last hemorrhage 
was given one day prior to infection. Mice 
were infected with the PR8 strain of influenza 
A virus obtained from the Department of 
Virology, Sharp and Dohme Co., through the 
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courtesy of Dr. Bettylee Hampil. Dilutions 
were prepared from a frozen suspension con- 
taining 10% mouse lung. Final dilutions of 
10°, 10°°, and 10° were made immediately 
prior to use in freshly prepared 20% horse 
serum in sterile nutrient broth. The mice 
were infected after being lightly anaesthetized 
with a mixture of 2 parts ether to 1 part 
chloroform by intranasal insufflation of 0.05 
ml of the viral suspension, as measured in a 
0.5 ml tuberculin syringe. All mice receiving 
10“ dilution doses were infected first, followed 
by those receiving 10° and lastly 10° dilu- 
tion doses. 


At the beginning of each of 2 separate ex- 
periments, the mice were divided at random 
into 4 groups. For Exp. I, the following 
groups were employed: Group IA (controls) 
—normal mice. Group IB (altitude-recov- 
ered)—mice acclimatized to simulated alti- 
tude for 3 weeks and then maintained at 
ground level pressures for 3 weeks prior to 
infection. The blood picture of mice similar- 
ly exposed to altitude is normal after 2 weeks 
of recovery but not after 10 days(1). Group 
IC (altitude-acclimatized)—mice exposed to 
simulated altitude for 3 weeks and then main- 
tained at ground level pressures for 1 day 
prior to infection and for the entire postin- 
fection period. Group ID (anemics)—mice 
made anemic by 9 standardized hemorrhages. 
For Experiment II, Groups IIA (controls), 
IIB (altitude-recovered), and IIC (altitude- 
acclimatized)—same as groups IA, IB, and 
IC. Group IID’ (altitude-maintained)—mice 
exposed to altitude for 3 weeks prior to infec- 
tion and then maintained at altitude for the 
entire postinfection period. Days of death 
were recorded at 24 hour intervals from the 
time of infection. Lungs of dead animals were 
examined for extent of lesions and 1 mouse 
in group IID’ which had no lung lesions at 
autopsy after it had been infected presumably 
with 10° virus suspension was eliminated 
from the data on the assumption that death 
was not due to influenza. Animals surviving 
until the 11th day in Exp. I and until the 
10th day in Exp. II were killed and their lungs 
examined for extent of lesions. A score of 
V was considered typical for mice which had 


ALTITUDE ACCLIMATIZATION AND: Mouse INFLUENZA 


died of the infection and had extensive lesions 
in all lobes. Scores less than V were found 
in mice surviving until the time of sacrifice. 
Scoring was based on amount of tissue affected 
rather than number of lobes showing lesions. 
A score of IV corresponded to about 80% of 
involvement of lung tissue, III to approximate- 
ly 60% involvement, II to 40%, and I to 
20%. This method is subjective and gives 
only an approximate measure of the extent of 
infection. The citric acid content of mouse 
lung tissue was determined by the method of 
Ettinger et al.(5) using (a) animals that had 
been maintained for periods of 3 to 4 weeks at 
simulated altitude and (b) normal control 
mice. Each assay was carried out on the 
pooled tissues of 3 mice. Female mice of the 
CF-1 strain (Carworth Farms) from 3 to 4 
months old were used in these experiments. 
They were housed in small galvanized metal 
cages with 10 to 15 animals per cage. Wood 
shavings were used as bedding and they were 
fed Purina dog chow ad libitum. Water was 
available at all times. 


Results. 1. Exp. I. The upper half of Table 
I presents the results obtained with the 4 
groups of mice infected intranasally with the 
3 dilutions of virus suspension. The rate at 
which animals of each group died can be seen 
by following the cumulative totals in each 
column down to the 11th day postinfection, 
the final figure representing the total number 
of deaths for that group. The incidence of 
lung lesion scores obtained at autopsy in the 
mice surviving 11 days appears in each column 
opposite the Roman numerals. The size of 
any group is the sum, therefore, of the num- 
ber dead on the 11th day and the combined 
incidence of lung lesions. For example, Group 
IB infected with 10~ dilution contained 6 + 
8-4-3 + 3-1 = 21 mice. “fo analyze 
these data statistically, the hypothesis that 
all treatment groups experienced the same ef- 
fect from influenza A virus was treated by 
means of the chi-square test in the following 
way. A dividing line for strength of effect was 
determined so that about half of the subjects 
fell below and half above the dividing line. If 
there were no differences between treatment 
groups, then each group should have about 
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TABLE I, Results of Exps. I and II Showing Cumulative Deaths and Lung Lesion Scores of 
Mice following Nasal Instillation of Dilutions of Influenza A Virus (PR8 Strain). See text for 
further explanations. 


Day of death 
(arabic) ; lung 


lesion score 10 dilution in group 


A ; 2 ; 3 3 
Cumulative number of mice dead at designated times postinfection and, for sur- 
viving mice, the number with indicated lung lesion score found at autopsy 


10° dilution in group 


10~ dilution in group 
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the same proportion below the dividing line. 
The significance of the observed deviations 
from the common proportion was then tested 
by the contingency table chi-square statistic. 
The dividing line for 10° dilution was death 
on the sixth day or earlier, for 10°, death on 
the eighth day or earlier, and for 10‘, death or 
survival with a lung lesion score of IV. For 
dilution 10°, the chi-square is 20.7, which 
corresponds to a P-value less than .01. For 
each of the 2 higher dilutions, the chi-square 
is 7.6 for which the P-value is .06. We may, 
therefore, safely assume that the effects are 
pot alike in the treatment groups. To test if 
the observed differences in the experimental 
groups may be attributed to specific treat- 
ments, the proportions of mice of each group 
which fall above the dividing line were added 
over the 3 dilutions of virus employed. The 
differences between these sums of proportions 
and their variance were computed. In this 
way it was found that the altitude adapted 
mice (Group IC) are significantly more re- 


sistant to the virus than mice of the other 3 
groups. Significance was established by the 
fact that the pertinent difference equaled or 
exceeded two times its standard deviation. 
Altitude recovered mice (Group IB) were 
marginally more resistant to the virus than the 
anemic mice (Group ID). No significant dif- 
ference was established between control mice 
and altitude recovered mice. 

2. Exp. Il. This experiment was under- 
taken in an effort to confirm the results of 
Exp. I except that a change was made in one 
of the groups initially employed. Instead of 
anemic mice, similar to control mice in their 
response to influenza infection, a group of alti- 
tude acclimatized mice, maintained at simu- 
lated 20,000 feet for the entire postinfection 
period, was substituted (Group IID’). All 
other conditions were duplicated as closely as 
possible after an interval of 8 months. The 
second experiment was carried out in summer 
and the first in autumn. The lower half of 
Table I summarizes the results with 10°, 10°°, 
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and 10“ dilutions of the virus suspension and 
shows that a smaller proportion of deaths oc- 
curred in all groups than for Exp. I. This is 
perhaps to be attributed to a difference in the 
virus suspensions. In comparing the propor- 
tions of survivors at dilutions 10° for groups 
A and B in Exp. I and II, one obtains a dif- 
ference exceeding 3.3 times its standard devia- 
tion. This trend is also apparent for the other 
dilutions, though not as marked as here. This 
difference between experiments prevents some 
direct comparisons of the treatment groups be- 
longing to the two experiments but, despite 
this difficulty, there is adequate confirmation 
for the crucial relationships between groups. 


The dividing line for the data of Exp. IT, 
used for the chi-square test, was death on the 
seventh day or earlier for 10°, death on the 
tenth day or earlier for 10°, and death or lung 
lesion score of II or more for 10%. In all 3 
cases, the chi-square values were so large that 
all the P-values associated with them were 
less than .01. In this experiment, even more 
than with Exp. I, we may safely conclude that 
the response of the mice in the different groups 
to influenza A virus infection was not identi- 
cal. 


Statistical tests to see whether the observed 
differences in the four groups of mice could 
be attributed to specific treatments showed 
that both the altitude acclimatized mice 
(Group IIC) and altitude maintained mice 
(Group IID’) were significantly more re- 
sistant than control mice (Group IIA) and 
altitude recovered mice (Group IIB). In ad- 
dition, the mice of Group IID’ were signifi- 
cantly more resistant than the mice of Group 
IIC. The pertinent differences exceeded their 
standard deviations at least 2% times. No 
significant difference was found between con- 
trol mice and altitude recovered mice. This 
was also true when the results of both experi- 
ments were combined (see Table II). 

3. Citric acid assay. Citric acid content of 
lung tissue of normal mice and of mice kept 
at simulated altitude for 3 or 4 weeks was de- 
termined on 8 samples of each. The mean 
values and their standard deviations were 
77 + 3.2 pg/g wet weight for normal mice 
(range 74 - 82) and 52 + 4.6 for altitude-ex- 
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TABLE IT. Combined Mortality Data for 76 Con- 
trol Mice, 78 Altitude-Recovered Mice, and 79 Al- 
titude-Acclimatized Mice from Exps. I and II 
following Infection with 10° and 10 Dilution of 
Influenza A (PR8 Strain) Virus. 


Altitude- Altitude- 
Controls recovered acclimatized 
Days post- No. No. No. 
infection dead % dead % dead % 
3 0 0 io) 0 0 0 
4 2D 3 1 1 0 0 
5 5 ff 4 5 0 0 
6 22 29 ASE PS y 3 
Tf Bh5) 46 34 44 18 23 
8 47 62 47 60 SAG eee} 
9 51 67 Ge aie 39 8649 
10 58 76 60 77 43 54 
79 44. 56 


11 60 79 62 


posed mice (range 44 - 59). The latter value 
is about 70% of the former. This difference 
is statistically significant at less than the 0.001 
level according to the rank order test of 
White(6). 

Discussion. The results described above 
establish the fact that mice acclimatized to 
simulated altitude for 3 weeks are more resis- 
tant to infection with influenza A virus than 
normal control mice, mice made anemic by 
standardized hemorrhage, and altitude adap- 
ted mice that have recovered for a period of 
three weeks at normal atmospheric pressures 
prior to infection. This greater resistance is 
significantly more pronounced when the alti- 
tude acclimatized mice are maintained at 
simulated altitude, rather than at normal pres- 
sures, for the postinfection period. It would 
appear, therefore, that the lower rate of virus 
propagation in hypoxic mice compared with 
that of control mice, Kalter and Tepperman 
(3), manifests itself, under the conditions of 
the present experiments, both as a more slow- 
ly developing infection for those animals which 
succumb as well as one which leads to fewer 
deaths. This can be seen when the mortality 
data for groups A, B, and C of Exp. I and II 
are combined for animals infected with 10> 
and 10° dilutions of the virus, as given in 
Table II. The first deaths occur on the fourth 
day for control and altitude recovered mice 
and 79% of the animals in these groups die 
by the eleventh day. For altitude acclima- 
tized mice, the first deaths do not occur until 
the sixth day and only 56% of the animals 


ALTITUDE ACCLIMATIZATION AND Mouse INFLUENZA 


die by the eleventh day. Moreover, during the 
last 3 days of the infection, only 13% of the 
altitude acclimatized mice die while 17% and 
19% of the control and altitude recovered mice 
die, respectively. While these differences may 
not be significant, they indicate that the alti- 
tude acclimatized mice are not undergoing a 
delayed mortality. The sigmoid nature of the 
curves obtained from these data makes it seem 
likely that few of the survivors in any of the 
groups would have died had the period of ob- 
servation been extended. 


The underlying cause for the greater resis- 
tance of the altitude acclimatized mice is un- 
known but there is some basis for attributing 
it to a disturbance in metabolism. The 
growth of influenza virus in the lungs(7) and 
poliomyelitis virus in brains(8) of mice is sup- 
pressed by the intraperitoneal injection of 
fluoroacetate, an inhibitor of aconitase(9). In- 
terruption of the normal functioning of the 
Krebs cycle by this means has more recently 
been found to exert a protective action in 
monkeys infected with the virus of poliomye- 
litis(10). If these reports from the literature 
are accepted as valid evidence for a linkage 
between host metabolism and the quality of its 
response to virus infection, then to find a re- 
duction in the citric acid concentration in lung 
tissue of mice exposed to simulated altitude 
suggests that a change in the normal function- 
ing of the Krebs cycle also occurs in mice dur- 
ing a comparable period of adaptation to alti- 
tude. Thus an impairment in the synthetic 
capacity of host tissues, resulting either from 
the introduction of certain enzyme inhibitors 
or, in this case, the stress of altitude, could 
therefore lead to a diminished rate of virus 
multiplication which, in turn, might account 
for the greater resistance of the animals to in- 
fection with these agents. 


This interpretation is further strengthened 
by results with bacterial infections. Intra- 
peritoneal injections of sublethal amounts of 
malonate, fluoroacetate or certain other in- 
hibitors or intermediates of the Krebs cycle 
in mice infected with S. typhimurium reduces 
survival time well below that of control 
animals(11,12). Similarly, altitude acclima- 
tized mice are more susceptible to infection 
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with the same organism than normal mice(1). 
It must be inferred, therefore, that conditions 
in the host which increase susceptibility to 
certain bacterial infections increase resistance 
to viral infections. But despite the reciprocal 
relationship between the two types of infection 
in altitude adapted mice and in mice given 
metabolic inhibitors, the classical work of 
Webster(13) on the genetic basis of resistance 
and susceptibility to bacterial and virus infec- 
tions is ample reason for caution. There is, 
nevertheless, an increasing body of evidence 
pointing toward an intimate linkage between 
host metabolism and response to infectious 
diseases. Recent publications by Dubos(14, 
15) are in line with this concept. 


Summary. 1. Mice acclimatized to a simu- 
lated altitude of approximately 20,000 feet 
for 3 weeks are more resistant to artificially 
induced infection with the PR8 strain of in- 
fluenza A virus than (a) normal control 
mice, (b) mice similarly exposed to altitude 
but given three weeks of recovery at normal 
atmospheric pressures prior to infection, and 
(c) mice made anemic by standardized hem- 
orrhage, the latter 3 groups showing no sig- 
nificant difference in susceptibility. 2. Alti- 
tude acclimatized mice maintained at simu- 
lated altitude for the postinfection period are 
significantly more resistant than those main- 
tained at normal atmospheric pressures. 3. 
There is some indication that these results are 
due to a metabolic disturbance which accom- 
panies adaptation to altitude as shown by a 
reduction in the citric acid content of lung tis- 
sue of these animals compared to that of nor- 
mal mice which reduces the animal’s capacity 
for virus synthesis. 
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(Introduced by A. A. Schiller.) 


From Departments of Radiology and Medicine, College of Medicine, University of Illinois, Chicago. 


It is known that the acute lethal dose of 
ionizing radiation varies widely with the ex- 
posed species(1). As seen from Table I 
the guinea pig and the dog require the lowest 
dose of x-rays of a certain energy to produce 
identical effects, z.e., the death of 50% of all 
animals after 30 days (LD 5039). Monkeys, 
mice, and rats are more resistant to radiation 
injury, and the LD 5039 is consequently higher. 
Rabbits are among the most resistant of in- 
vestigative animals. Although the value of 
the LD 5039 may change with variation of the 
x-ray energy(2), one should not expect a 
change in the order of animal species. 

The order of sensitivity of various species 
to histamine is similar to their sensitivity to 
irradiation(3). The rabbit presents an excep- 
tion since it is resistant to radiation but sensi- 
tive to histamine. The sensitivity of mice to 
histamine and anaphylactic shock can be 
markedly increased by the injection of per- 
tussis vaccine(4,5). The order of the sensi- 
tivity to radiation and to histamine and ana- 


TABLE I. Comparison of Species Susceptibility 
to Total Body Irradiation and to Injected Hista- 
mine. 


30 day LD 50 
following to- 


LD 50 following 
tal body ir- 


histamine (3) 


radiation Subeut. Intrav. 
iG) Species (mg/kg) (mg/kg) 
200-400 Guinea pig 3.5- 10 3 
325 Dog 28.5 3 
500 Monkey 50 
400-600 Mouse 200-600 250 
600-700 Rat a 170-500 
800 Rabbit 12- 15 .6-3.0 


phylaxis suggests the possibility that the 
LD 50:0 following irradiation of mice might be 
altered by pretreatment with pertussis vac- 
cine. 

Method. The source of radiation was a 
Picker 200 KVp x-ray therapy unit with 0.25 
mm Cu filtration. The mice were irradiated 
at 34 cm distance from the target with a dose 
rate of 95 to 105 r/min. The dose was deter- 
mined with a 100 r Victoreen thimble ioniza- 
tion chamber placed centrally inside the 3 cm 
high cage made from 1/16” thick lucite. The 
cage rested on a wooden support. After cali- 
bration, the intensity of the radiation during 
the exposure of the animals was continuously 
monitored by an ionization chamber built into 
the tube housing. A total of 234 white mice 
(Harlan strain) weighing 20-25 g were used. 

1) 40 mice were injected intraperitoneally 
with 0.4 cc alum precipitated H. pertussis 
vaccine* containing 30 billion organisms/cc 
while 20 animals received 0.6 cc fluid H. per- 
tussis vaccine containing 20 billion organ- 
isms/cc. These animals were irradiated with 
300 r five days after vaccination. Mortalities 
were recorded for 30 days following exposure 
to radiation. At the same time, an identical 
x-ray dose was given to a group of 40 non- 
vaccinated mice. 


The results are listed in Table II. They 


demonstrate an increase in the response to 
radiation of animals vaccinated with pertussis 


* We are grateful to Dr. Howard J. Shaughnessy, 


and Mr. John L. Neal for preparation of vaccines 
used. 
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TABLE II. Summary of 30-Day Mortalities fol- 
lowing Total Body Irradiation (300 r) of Mice 
Distributed According to Day of Mortality. 


Non- 
vaccinated 


Pertussis- 
vaccinated 


Days following 
irradiation 


0 


iL 1 
2 0 2 
3 1 0 
4 0 4 
5 1 2 
6 0 4 
i 1 1 
8 0 4 
9 0 3 
10 0 1 
11 0 2 
ales 0 3 
13} 0 2 
14 0) 2 
15 0 2 
16 (0) 1 
alifs 0 1 
18 0 3 
19 2 4 
20 0 2 
21 0 il 
22 1 2 
23 0 1 
24 0 0 
25 0 1 
26 0 1 
27-30 0 0 
6/48 = 12% 49/60 — 82% 
vaccine. 82% of this group died, as com- 


pared to 12% of the non-vaccinated mice. 
Control groups received 0.4 cc alum-precipi- 
tated diphtheria toxoid by intraperitoneal in- 
jection or 0.6 cc fluid typhoid vaccine con- 
taining 10° million organisms/cc. The results 
are compiled in Table III. 2) Since Neoan- 
tergan and cortisone have been reported to 
protect against the effects of histamine in the 
pertussis vaccinated mouse,(6,7), a parallel 
experiment was carried out, the radiation tak- 


TABLE III. Summary of 30-Day Mortality fol- 

lowing Total Body Irradiation (300 r) of Mice 

Pre-inoculated with Diphtheria Toxoid, Typhoid 
Vaccine or Pertussis Vaccine. 

————————— oOoOoOvOO?O1OOOOO aan 


Non- Irradiated 
irradiated (300 r) 

Jo Jo 

Uninoculated (Als = (0) 6/48 12 

Alum precipitated diph- 2/7 6 33 3/10 30 
theria toxoid 

Fluid typhoid vaccine 0/10 O 5/20 25 

Alum precipitated per- 2/13 15 39/40 85 
tussis vaccine 

Fluid pertussis vaceine 2/10 20 15/205 75 
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ing the place of the histamine. The mice were 
treated as described before with the exception 
that the first injection of pyranisamine mal- 
eate (Neoantergan 10 mg/kg, 1:104 aqueous 
solution) was given one hour prior to radia- 
tion, and then was repeated daily for one 
month. The same was done with another 
group of animals using 17-OH corticosterone- 
21-acetate (hydrocortisone) (20 mg/kg, 1:10? 
aqueous suspension). 


The results of this series are shown in 
Table IV. 


Discussion. An alum-precipitated vaccine 
was used since it was reported as providing a 
more prolonged and higher degree of sensi- 
tivity to histamine than fluid vaccine in the 
pertussis-vaccinated mouse(8). Pittman has 
demonstrated that the female mouse is more 
sensitive to histamine than the male after per- 
tussis vaccination(9). On the other hand, 
there seem to be indications that females are 
slightly less sensitive to irradiation than males 
(1). We do not have sufficient data at the 
present time to allow discussion of any sex 
differences in the response to irradiation after 
pertussis vaccination. 


The increase in sensitivity to approximately 
one-half the LD 50 for total body irradiation 
observed in the pertussis-vaccinated mouse 
(Tables II, III) is comparable to the in- 
creased sensitivity to histamine and anaphy- 
laxis observed in that animal(4,5). Adrenal- 
ectomy also increases the sensitivity of the 
mouse to histamine, anaphylaxis and irradia- 
tion, an effect which can be blocked by the 
administration of cortisone(10,11). Cortisone 
also prevents the increased sensitivity of the 
pertussis-vaccinated mouse to histamine and 
anaphylaxis(6). Cortisone and hydrocorti- 
sone, however, may have side effects upon 
prolonged administration which obscure their 
protective action. For instance, by a rapid 
spread of infections they may actually hasten 
the death of the animals, as suggested by the 
high mortality rate of our non-vaccinated, hy- 


drocortisone treated, irradiated animals 
(Table IV). This requires further clarifica- 
tion. 


Ellinger has suggested that histamine may 
be responsible for some of the biological ef- 


550 


TABLE LV. Influence of Neoantergan and Hydro- 

cortisone on 30-Day Mortality following Total 

Body Irradiation (300 r) of Mice Pre-inoculated 
with Pertussis Vaccine. 


Pertussis 


Non-vaceinated vaccinated 

irradiated irradiated 
(300 r) (300 r) 
Non-treated = Isy//1N5 
Neoantergan 2/10 18/19 
8/10 20/20 


Hydrocortisone 


fects of irradiation(12). Weber and Steg- 
gerda have observed that there is an elevation 
of plasma histamine at 2 hours and again at 
5 days following irradiation of the rat(13). 
We found no definite concentration of deaths 
on particular days in the pertussis-vaccinated 
mouse, or those treated afterwards with Neo- 
antergan(7). 


Summary. Sensitivity of pertussis-vaccin- 
ated mice to approximately one-half the 
LD 5039 for total body irradiation was mark- 
edly increased. Neither the sex of the mice, 
the type of pertussis vaccine, nor the daily ad- 
ministration of Neoantergan or Hydrocorti- 
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sone seem to alter that increased sensitivity. 
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Polyvinylpyrrolidone (PVP), the water sol- 
uble, high molecular weight product of the 
polymerization of N-vinyl pyrrolidone(1), 
has been used experimentally and clinically as 
a plasma expander(1,2). Although there is 
considerable information to indicate that PVP 
may be effective as a plasma extender, the de- 
leterious effects of this substance have only 
recently received attention. The fact that 
PVP has been shown to accumulate in many 
tissues, and specifically in the reticuloen- 


* This investigation supported by a grant from the 
Office of the Surgeon General, Department of the 
Army contract No. DA 49-007-MD-248. 

t Student Fellow in Pathology. 

This is reprint No. 44 of Pathology Department. 


dothelial cells(2-5), led to the investigations 
reported in this paper. The purpose of the 
present investigation was to determine what 
effect both single and repeated infusions of 
PVP would have on (a) a pre-induced anti- 
body level, and (b) the ability of infused ani- 
mals to respond to a subsequent injection of 
antigen. 


Materials and methods. Polyvinylpyrroli- 
done. Because the rabbit does not tolerate 
rapid, large increases in blood volume, in or- 
der to be able to inject the desired amount of 
PVP it was necessary approximately to double 
the usual concentration(3.5%) of PVP in 
infusions. The PVP solutions were made 
by dissolving solid PVP of K-29-30 value, 
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TABLE I. Summary of Infusions of PVP in 
Various Groups of Rabbits. 

Group No. of inj. g PVP/kg 
No. OnE WEP ml PVP inj. rabbit 
I 2 85 18 
JEM 8-18 238 4.2 
IIL 8-15 150 4.5 
luvs 2 Wai 
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General Aniline and Film Corporation (PVP 
lot No. 3-GA PVP-251-1) and Schenley Lab- 
oratories (SL # 6050), in sterile 3.5% PVP 
macrose (Schenley). The solutions were then 
passed through a fine filter and stored until 
use. The final concentration of PVP was 
7.2%. The average molecular weight of the 
PVP was 40,000 and distribution was 20,000 
to 80,000. 

Immunization and Infusions. Groups I 
and II. In order to attain a sustained level of 
antibody production the adjuvant technic of 
immunization was employed(6a,b). Each of 
24 male albino rabbits weighing 2.2 to 2.5 kg 
received an intramuscular injection of 1 ml 
of a water-in-oil adjuvant mixture containing 
50 mg of Armour’s bovine gamma globulin 
(BGG) and 0.09 mg dead tubercle bacilli 
per ml of mixture. The animals were bled 
21, 35, 45, and 56 days after the injection and 
their sera tested for anti BGG. Five of the 
rabbits in Group II were started late and were 
only followed 35 days before the PVP infu- 
sions were given. The 24 adjuvant-immunized 
rabbits were then divided into 2 groups (sum- 
marized in Table I). On day 57 Group I 
rabbits received 2 injections of PVP averag- 
ing about 45 ml per injection (Table I). Be- 
ginning on day 57, Group II rabbits received 
from 8-18 injections of the PVP in various 
amounts over a period of 4-9 days (Table I). 
The intended course of injections for the 
Group II rabbits was 18 injections over a pe- 
riod of 9 days but the development of con- 
siderable edema in the ears prevented the 
giving of the entire course to all rabbits. The 
rabbits in both groups were then bled for anti- 
body determinations 4, 14, 28, and 44 days 
after the first infusion. The day 44 bleedings 
were cardiac exsanguinations following which 
the animals were autopsied, and various tis- 
sues taken for microscopic examination. 
Group IIT. Twelve male white albino rabbits 
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weighing about 2 kg were given repeated in- 
fusions of PVP corresponding to the infusions 
given to the rabbits in Group II above (Table 
I). One day after the last infusion they 
were given an intravenous injection of 30 mg 
of I'*" trace labelled BGG (I*BGG)/kg(7). 
The disappearance of antigen was measured 
(7) on blood samples obtained 2, 4, and 6 
days after the injection of I*BGG. Animals 
were bled on the 3rd, 7th, and 10th day after 
the elimination of BGG as determined by 
radioactivity measurements and the sera were 
tested for antibody to BGG. The animals 
were autopsied about 15 days after the elim- 
ination of antigen which corresponded to 
about the 36th day after the first injection 
of PVP. Group IV. On the first day of the 
experiment 10 rabbits similar to the ones in 
Group III were given 2 injections of PVP ay- 
eraging about 30 ml per injection (Table I). 
The following day 30 mg of I*BGG/kg was 
injected intravenously. The elimination of 
the I/*1 labelled antigen from the blood, and 
the antibody response were followed as de- 
scribed above. All animals were autopsied 
and tissues taken for microscopic examination. 


Antibody determinations. The capacity of 
the antiserum to precipitate I’*! labelled anti- 
gen was used as a measure of concentration of 
antibody. The method as described originally 
in(8) and modified in(9) was used. The 
ug of I'3' BGG nitrogen precipitated per ml 
of serum was converted to ng antibody N by 
multiplying the antigen value by 3.5. This 
is the approximate antibody N/antigen N 
ratio(9). 

PVP Analyses. Some of the sera used for 
determination of antibody were also analyzed 
for the concentration of circulating PVP. The 
colorimetric method of Levy and Fergus was 
used(10). This method employs the reaction 
of PVP in a protein-free filtrate of serum with 
I, and the measurement of the intensification 
of Iz color at 5000 mp» in a Beckman model 
DU spectrophotometer. Total protein. The 
total protein of the serum was determined 
using the Folin-Ciocalteau tyrosine(11)_ re- 
agent standardized against known amounts of 
protein. Jsolation of PVP from serum. In 
order to determine the approximate molecular 
species of PVP present at autopsy, the follow- 
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the peak antibody level was reached within 
three days after the elimination of antigen. 
Both the absolute antibody values and the 
half-lives of the antibody disappearance 
agreed well with our previously recorded fig- 
ures for normal responses(14). The total 
serum protein values did not change signifi- 
cantly during the experiment. 


Histological Observations. These rabbits 
were all sacrificed from 5 to 6 weeks after the 
initial infusion of PVP. As would be expected 
on the basis of previous reports(2-5) at this 
time the reticuloendothelial cells, particularly 
in the spleen, liver, bone marrow, and lymph 
nodes contained numerous small and large 
vacuoles filled in part with homogenous blue- 
grey material. These reticuloendothelial cells 
were usually considerably enlarged and fre- 
quently multinucleate but showed no degen- 
erative changes. On the basis of ultraviolet 
microscopic observations? it seems likely that 
this material in the reticuloendothelial cells is 
in part PVP perhaps combined with protein to 
render it insoluble in aqueous solutions. With 
the exception of this material in the reticulo- 
endothelial cells and occasional vacuolated 
renal tubular cells, no histologic abnormalities 
were noted in any of the tissues. There was 
no inflammatory or reparative response on the 
part of the tissues to this material. 


Discussion. The main conclusion of this 
study is that infusions of PVP significantly 
reduce the level of circulating antibody to 
BGG in animals previously immunized by 
adjuvant technic. That the reduction in anti- 
body level was not due to a dilution effect was 
ascertained from the following: 1. The con- 
centrations of serum proteins of the rabbits 
remained essentially unchanged throughout 
the experiment, and 2. PVP analyses: Not 
only were the amounts of PVP circulating on 
day 4 after the infusion no more than 
1% of the infusion (Group I), but the 
PVP which was isolated from exsanguination 
bleedings of the animals was found to be of a 
high molecular weight type and would there- 
fore contribute the least to increasing the 
plasma volume. This was determined using 


+ F. C. Johnson and S. C. Sommers, personal 
communication. 
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immunochemical technics with human anti- 
sera prepared against PVP of K-87 value 
(12). It is quite plausible that the PVP 
which has been shown to localize and persist 
for sometime in the cells of the reticuloendo- 
thelial system consists of the molecules of 
large size. 

In the course of preliminary experiments to 
determine what volume of PVP could be tol- 
erated, 2 rabbits which had been previously 
immunized against modified fluid gelatin 
(adjuvant vehicle) received PVP infusions. 
Prior to the infusions they had sustained lev- 
els of circulating antibody(12). Following 
the infusion of 5.5 g of PVP/kg, they too 
showed a marked decrease in the level of anti- 
bodies to modified fluid gelatin which per- 
sisted as long as they were observed (2 
months). However, upon re-immunization of 
these rabbits with modified fluid gelatin two 
months later, the new antibody level exceeded 
the original level of circulating antibody. 
These observations would seem to corroborate 
the ones mentioned above, namely, that infu- 
sions of PVP affect pre-existing antibody lev- 
els. However, it is possible to get a secondary 
response to reimmunization after an infusion 
of PVP. Upon autopsy of these animals six 
months after the infusion the reticuloendo- 
thelial cells contained large numbers of vac- 
uoles filled with homogenous blue-grey ma- 
terial as previously described. 

The mechanism by which infusions of PVP 
cause a sharp decrease in the level of circu- 
lating antibody to antigens previously admin- 
istered in water-in-oil adjuvants is not clear. 
That a lasting reduction in the rate of anti- 
body synthesis follows PVP infusions is evi- 
denced by the low levels of circulating anti- 
body which are maintained during the six 
weeks following infusions, in most instances 
from one-fourth to one-half of those found 
before infusion. However, the drop in serum 
antibody seems too rapid to be accounted for 
on the basis of decreased synthesis alone. 
Since the gamma globulin or antibody half- 
life is approximately 5 days in rabbits(14), 
one would not expect a fall in circulating anti- 
body of more than 50% within 5 days even if 
complete cessation of antibody formation re- 
sulted from the PVP infusions. In some of the 
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Group I rabbits the antibody falls to less than 
40% of pre-infusion levels within 4 days. The 
way in which PVP affects antibody producing 
cells and the role of any other reactions which 
might affect circulating antibody are at pres- 
ent uncertain. 

It appears that infusions of PVP given 
prior to the antigen have little effect on the 
antibody response to intravenously adminis- 
tered BGG. In this respect the effect of PVP 
on antibody formation is exactly opposite to 
that observed with X-ray(15) and cortisone 
(16). These latter agents have to be given 
prior to the antigen in order to exert their full 
inhibitory influence on the immune response. 

Infusions into rabbits which are on a fairly 
sustained level of antibody production due to 
repeated injections of bovine serum albumin 
in saline(9) may help elucidate whether the 
observed effect of PVP is specific for the re- 
sponse to antigens given in water-in-oil adju- 
vants or whether it will effect any prolonged 
antibody response. Experiments such as 
these are envisaged. It is not known how 
similar infusions will affect an immune re- 
sponse in man. In order to determine whether 
this effect of PVP on the synthesis of anti- 
body will apply to man as well as to rabbit, 
it is contemplated to immunize human volun- 
teers with a preparation of dextran which is 
known to be antigenic(17,18). The antibody 
response to dextran has been shown(18) to 
be as persistent as the response to the pneu- 
mococcal polysaccharides(19). By giving 
these antibody producing volunteers infusions 
of PVP it will be determined whether or not 
the immune response in man is affected as is 
that of the rabbit. 

Summary. It has been demonstrated that 
infusions of polyvinylpyrrolidone markedly 
reduce the antibody level of rabbits immu- 
nized by the water-in-oil emulsion adjuvant 
technic. Infusions of PVP do not affect the 
ability of rabbits to respond to subsequent in- 
travenous or adjuvant type immunizations. 
The persistence of PVP in various tissues has 
been confirmed. 
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Selective Uptake of Zn® by Dorsolateral Prostate of Rat.*! 


(21649) 


S. A. Gunn,§ THELMA C. Goutp,$ S. S. GrnorI, AND JEROME G. Morse. 
(Introduced by M. R. Curtis.) 


From the Cancer Institute at Miami and Radioisotopes Laboratory, University of Miami, Fla. 


Up to the present time the only element 
with sufficiently specific localization in the tis- 
sues of an organ to warrant use of its radio- 
active isotopes as diagnostic and therapeutic 
tools is iodine, which is concentrated in the 
thyroid. This present study using radioiso- 
topes reports another element, zinc, which is 
localized in high concentrations in one gland, 
the prostate. 

Procedure. Zn®* was administered by intra- 
cardiac puncture to etherized male Wistar 
rats of various ages in doses of 0.4 mc/kg.+ 
The animals were sacrificed by decapitation at 
2 and 4 hr and at daily intervals up to 10 
days after injection. The tissues to be studied 
were removed from the animal, freed of con- 
nective tissue, rinsed in 0.85% saline to re- 
move excess blood, blotted and weighed im- 
mediately. The radioactivity of each organ 
was measured by an end-window Geiger-Mil- 
ler counting tube used in conjunction with a 
decade scaler. At first representative samples 
of all important tissues were taken. After 
sufficient control data were obtained only 3 
tissues in addition to dorsolateral prostate 
were routinely examined—blood, liver and 
heart. At the time of sacrifice obvious dila- 
tation of the heart or extravasation of blood 
into the pericardial cavity was taken to indi- 
cate a poor intracardiac puncture and the ani- 
mal was discarded. Such a finding was usual- 
ly accompanied by a high radioactive count in 


* This study was supported by the Public Health 
Foundation for Cancer and Blood Pressure Research, 
and the Rose Garden Memorial Fund. 

+t The authors wish to express their gratitude to 
Dr. B. E. Lowenstein for his advice. 

¢ Zn®® was purchased from Carbide and Carbon 
Chemicals Co. as Zn®°Cl, in HCl solution with a 
specific activity of 120 to 164 mc/g. The solution 
was diluted with 0.85% NaCl containing sufficient 
NaOH to neutralize the acid present. The dilution 
was made so that the administered dose was con- 
tained in less than 0.4 ml. 

§ Present address: Department of Pathology, 
School of Medicine, University of Miami, Florida. 
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FIG. 1. Concentration of administered Zn® in 
various tissues of the 3-mo-old rat. 

the heart tissue itself indicating that the in- 
jection had not been made entirely within the 
chamber of the heart but partially into the 
muscle wall. Less than 10% of the experi- 
ments had to be discarded for this reason. 

Results. In Fig. 1 is shown the Zn® up- 
take of some of the tissues studied in 3-month- 
old rats. The results show a striking concen- 
tration and retention of Zn®° by the dorso- 
lateral prostate. Maximal concentration was 
reached by 24 hours and did not decline ap- 
preciably until 96 to 120 hours. In sharp 
contrast to the high Zn uptake of the dorso- 
lateral prostate is the failure of the ventral 
lobes to take up appreciable amounts of zinc. 
The Zn°? distribution curve in testis and other 
accessory sex organs, the seminal vesicles and 
coagulating gland, was similar to that of the 
ventral prostate. 

A significant increase in the Zn® uptake of 
the dorsolateral prostate was noted in 6- and 
12-month rats (Fig. 2). It is evident that 
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there is no significant difference between the 
6- and 12-month rat prostates. However, the 
maximum is approximately double the level 
in the 3-month-old animals. The Zn® dis- 
tribution in tissues other than the dorsolateral 
prostate in the 6- and 12-month rats did not 
differ from that found in the younger animals. 

The uptake and loss of Zn®* by the dorso- 
lateral prostate of the 3-month and the 6- 
and 12-month animals follows a similar pat- 
tern and differs only in the maximal concen- 
tration attained in the gland. Apparently 
there is a leveling off for a considerable time. 
The prostate of a 12-month-old animal dem- 
onstrated a level of 15,000 counts per minute 
as long as 10 days after the Zn® injection. 

To emphasize the significance of the data, 
the ratio of the concentration of Zn® in the 
tissues to Zn® concentration in the blood has 
been calculated. A 140-fold concentration 
was noted in the dorsolateral prostate of the 
3-month-old rat, and in the 6-month-old ani- 
mal the ratio was as high as 190. At no time 
was the zinc present in other tissues in more 
than 5 to 10 times the concentration present 
in blood. 

One further point of interest was in the 


ally, an experiment was performed during a 
week of unexpected cold weather in which the 
temperature of the animal quarters fell below 
60°F. Under these conditions the Zn® up- 
take by the prostate was greatly diminished 
(Pige2). 

Discussion. Our studies have shown a 
striking selectivity of the dorsolateral pros- 
tate of the rat to take up Zn® administered 
by intracardiac puncture. It is interesting that 
the ventral lobes of the gland do not concen- 
trate Zn® to any appreciable extent. This 
observation points up the fact that the dorso- 
lateral prostate and the ventral prostate are 
functionally two different organs. Gunn (per- 
sonal observation) has noted that the dorso- 
lateral and ventral prostates of the rat differ 
in their gross appearance and in their his- 
tology and cytology. Others have called at- 
tention to this same difference and have also 
noted that their zinc(1), fructose and citric 
acid content(2), and acid and alkaline phos- 
phatase activity(1,3) also differ. 

The question arises as to the significance of 
zinc in the biochemistry of the dorsolateral 
prostate. To date the only physiological role 
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of zinc conclusively proven is related to its 
presence as an active component of the car- 
bonic anhydrase molecule(4). However, this 
can not be its only role since the zinc/car- 
bonic anhydrase ratio is 5 to 10 times greater 
in the prostate than in the red blood cell 
where all the zinc has been shown to be asso- 
ciated with carbonic anhydrase(5). Thus in 
the prostate it is clear that at least four-fifths 
of its zinc content is not associated with car- 
bonic anhydrase. 


The first indication that zinc was concen- 
trated in the dorsolateral prostate was sup- 
plied by Mawson and Fischer(1). They re- 
ported that the zinc content of the prostate 
was higher than in any other organ in rat, 
rabbit and man(6). They also demonstrated 
the presence of zinc in prostatic cells of the 
rat after the administration of Zn®(7,8). 
Other workers who made an extended study 
of the distribution of Zn®° did not include the 
prostate in their long list of tissues examined 
(4, 9-14). 

Mawson and Fischer(6) have shown that 
the zinc content of the human prostate is 5 to 
10 times greater than that of any other tissue 
and that the cancerous gland contains only 
one-quarter the amount found in the benign 
condition. This would imply either that 
fewer alveoli were present in the carcinoma- 
tous gland or that their function was so altered 
that the cells took up less zinc than normally 
functioning cells. This raises the question 
whether or not zinc can be used in the treat- 
ment of cancer of the prostate. However, 
there can be no doubt that it will be a valu- 
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able physiological tool in experimental and 
clinical studies of the prostate. 

Summary. The dorsolateral prostate of the 
rat concentrates Zn®° from 15 to 25 times 
more than any other organ. These concentra- 
tions are high enough to suggest the use of 
this element in studies of the physiology of 
the prostate and possibly in the evaluation of 
clinical diseases of that organ. 
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Use of Fluorescein in Testing the Union of Parabiotic Rats. 


(21650) 


GrorGE J. SCHEFF AND JAMES C. PLAGGE. 


From Departments of Microbiology and Public Health, Chicago Medical School, and of Anatomy, 
College of Medicine, University of Illinois, Chicago. 


Surgical parabiosis in albino rats has 
proved a valuable tool(1). Investigators us- 
ing the parabiotic method have sometimes met 
with failure of unexplainable cause. This has 
raised a question as to the adequacy of the 
blood vessel anastomosis between the 2 ani- 
mals. In the experiments described here, a 
non-toxic, readily demonstrable agent, fluor- 
escein, was employed to test the vascular 
union in parabionts. It was introduced into 
the donor animal either as a free dye solution, 
or as a protein bound dye complex. The donor 
and recipient animals were then tested at in- 
tervals: in one group, by comparison of their 
skin fluorescence; in a second group, by fluor- 
imetry of the blood plasma and by a precipi- 
tation test. 


1. Free fluorescein. Nine experiments were 
performed on 6 pairs of parabionts, using one 
pair of animals 3 times and another pair 
twice. At the time of observation the animals 
had been in parabiosis for periods ranging 
from 1 to 11 months. A 0.025% aqueous 
solution of fluorescein (U.S.P., National Ani- 
line Division) was introduced through the tail 
vein of the left (donor) member of each pair, 
using 0.5 ml per kg of combined body weight. 
Both animals were lightly anesthetized with 
nembutal, supplemented with ether during the 
experiment. Corresponding areas of clean 
shaven skin on each partner’s abdomen were 
used in measuring the amount of fluorescence 
present. Blank readings of these same areas 
preceded the injection of fluorescein. The 
fluorescence was measured at intervals with a 
Farrand type photoelectric cell and read on a 
galvanometer scale. The equipment and tech- 
nic involved have been described by Schiller 
OAY 

Results. In 4 of the 9 experiments there 
was evidence of fluorescein crossing to the 
non-injected parabiont a few minutes after in- 
jection. Fig. 1 represents such a positive re- 
action. The skin fluorescence of the injected 
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FIG. 1. Comparison of skin fluorescence in in- 
jected and non-injected parabionts. 


rat rose quickly within the first half hour, 
then leveled off and gradually lost its in- 
tensity. The fluorescence of the twin rose 
gradually but never reached the peak attained 
in the injected animal. At about 3 hours the 
intensity in the 2 animals was the same. In 
general, an equilibrium was established when 
the 2 fluorescence intensities met, after which 
the decline in fluorescence coincided in both 
animals. 


In the 5 cases in which the reaction was 
negative the untreated twin failed to show 
any rise in fluorescence. However, it was 
found that the urine which was collected from 
such animals was strongly fluorescent. Hence, 
there could be little doubt that the fluorescein 
was crossing over but possibly due to the 
rapid clearance rate never reached the neces- 
sary intensity to become demonstrable in the 
skin. The method was abandoned and an- 
other technic was explored. 

2. Protein-bound fluorescein. Vhree ex- 
periments were performed using 3 pairs of 
animals which had been united in parabiosis 
for periods ranging from 1 to 6 months. A 
fluorescein bovine albumin complex(3) was 
injected into the donor animal and its pres- 
ence determined in both donor and recipient 
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TESTING PARABIOTIC UNION 


TABLE I. Transfer of Fluorescein from Left to Right Parabiont as Determined by Fluorophotometrie 
Readings and Capillary Precipitation Tests. 


Plasma Precipitation testt 

Parabiont (D) onor fluores- (antigen dilutions) ¥ 
No. Time (hr) (R)ecipient cence* il: 2 4 8 16) 132) Ose LSS 2 5 Ono 
iti 4 Betoceia pn eD 0 = ee 
R 0 : SoS 
6 D 62 3+ 3 3+ 34 34 3 2+ 1+ — — 
R 58 3+ 3+ 3+ 34 2 i+ «— SS — 
241% D 68 3+ 3 38+ 34 3 8+ 34+ 2+ 14+ — 
R 76 By ees oS ieee yo dae SS 
216 Before inj. D 0 = 
R 0 —_—- — 
4% D 16 3+ 384+ 384+ 34+ 24 — — = — — 
R 9 3 3+ 3 1+ —_—- — 
23 D 27 3-+ 3+ 3 3+ 2+ 1+ —- —- — — 
R 30 3-38-34 3 -e 
(Antigen 0.5 mg fluorescein bovine albumin 38+ 38+ 34+ 34+ 3+ 34+ 34+ 34 2+ 1+f 


control) complex/0.1 ml saline 


* Photocurrent in galvanometer units (after subtraction of galvanometer reading in blood taken be- 


fore inj. of fluorescein complex). 


+ Degree of precipitation indicated by number preceding plus signs. 


t Represents 0.00098 mg antigen. 


at given intervals by galvanometer readings 
and precipitation tests on samples of heart 
blood. After preliminary withdrawal of heart 
blood samples for base line determinations, a 
10% saline solution of fluorescein bovine al- 
bumin complex was injected into the tail vein 
of the donor animal (10 mg of bovine albu- 
min per 100 g of combined rat body weight). 
Then, test samples of heart blood (0.5 ml) 
were taken at desired intervals and divided 
into 2 portions. One-tenth ml of whole blood 
diluted in 3 ml saline sufficed for fluorophoto- 
metric readings,* and 0.2 ml serum from the 
remaining clotted blood (containing the pro- 
tein antigen) was enough for the precipitation 
test. We used the capillary precipitation test 
commonly used in Streptococcus typing with 
some minor modifications. The specific anti- 
serum was obtained from rabbits which had 
been treated with crystalline bovine serum al- 
bumin according to Freund’s adjuvant tech- 
nic. In carrying out the procedure the anti- 
gen was diluted by serial 2-fold dilution, while 
the antiserum was kept constant. All animals 
seemed to tolerate the test well and could be 
utilized in subsequent parabiosis experiments. 

Results. Table I includes 2 experiments 


* Fluorophotometer designed and constructed by 
Dr. A. A. Schiller, Department of Physiology, Uni- 
versity of Illinois College of Medicine. 


which illustrate the efficiency of the method. 
Fluorophotometric readings of samples of 
blood taken from the hearts of both donor 
and recipient 4%4 to 24% hours after injec- 
tion with fluorescein albumin complex demon- 
strated the presence of the fluorescein com- 
plex in both animals in large amounts. Re- 
sults of the precipitation tests also gave posi- 
tive evidence of the presence of the albumin 
complex in both members of the parabiotic 
pairs. The “antigen control” in Table I, 
using a known concentration of antigen, was 
included to indicate that as little as 0.001 mg 
of the protein complex is still detectable. 


Discussion. Differences of opinion regard- 
ing the efficiency of the circulation between 
parabiotically united animals have been at- 
tributed to the variations in clearance rates 
of the tested substances(4). This view is 
also supported by the present observations. 
On one hand, free fluorescein, with its rapid 
clearance rate has shown erratic behavior and 
thus is not a reliable indicator of the union. 
On the other hand, fluorescein combined with 
protein has a much slower clearance rate and 
hence when introduced into one parabiont 
may be found in its partner in approximately 
equal amounts during a period of at least 24 
hours. Both fluorometric readings and pre- 
cipitation tests of a given blood sample dem- 
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onstrate the transmittal of the protein bound 
fluorescein with a high degree of sensitivity. 

It has been suggested that in parabionts, a 
compound made up of a relatively small mole- 
cule might diffuse from one animal to another 
rather than cross over through the blood ves- 
sels. This criticism might apply to the small 
molecule of free fluorescein but would not ap- 
ply to the large molecule of the protein bound 
fluorescein. 

Summary. 1. Two methods, one using free 
fluorescein and the other protein bound fluor- 
escein, were employed to test the capillary 
anastomosis between rats united in parabiosis. 
Free fluorescein was demonstrable by galvan- 
ometer readings on the abdominal skin of the 
recipient in fewer than half of the experi- 
ments. Protein bound fluorescein, on the 
other hand, was uniformly detected in the 
heart blood of both donor and recipient over 


Use of Membrane Filter in Blood Cultures.* 


WiiiaM L. TIDWELL AND LYNN L. GEE.! 


561 


a period ranging from 4% to 24% hours. 
Precipitation tests were also positive in dem- 
onstrating the presence of protein bound 
fluorescein in heart blood. 2. Parabionts 
tested by either method showed no adverse 
effects from the treatment and were in good 
condition for subsequent investigations. By 
testing a group of parabionts with protein 
bound fluorescein one could determine the 
adequacy of the parabiotic union prior to fur- 
ther experimentation. 


ike Rimertya Je Ce VS70l eeu OS avon alie 

2. Schiller, A. A., Proc. Soc. Exp. Bion. AnD MeEn., 
1949, v72, 594. 

3. Schiller, A. A., Schayer, R. W., and Hess, E. L., 
J. Gen. Physiol., 1953, v36, 489. 

aR Vehblini, Ie Wee, Iseybtuenredol, Ie. Hysol webn IDs, ID). (Cx 
Am. J. Physiol., 1950, v161, 56. 
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(Introduced by J. R. Couch.) 


From Department of Biology, A & M College of Texas and Texas A & M Research Foundation, 
College Station. 


Braun(1) has discussed the problems in- 
herent in blood culture methods in the diag- 
nosis of Brucella infections in his description 
of a new technic for the recovery of Brucella 
cells from the blood by use of the membrane 
filter. Many of the same problems are in- 
volved in the laboratory diagnosis of other 
bacteremias. 

Prior to the appearance of Braun’s paper, 
an extensive study had been carried out in 
this laboratory using numerous solutions, hy- 
potonic for blood, and other hemolyzing 
agents in attempting to use the membrane fil- 
ter for the diagnosis of bacteremias in general. 
Over 2,000 filtrations were made using dozens 


* This research was supported by the USAF under 
contract monitored by the USAF School of Aviation 
Medicine, Randolph Field, Texas. 

+ Present address: Department of Bacteriology, 
Oklahoma A & M College, Stillwater. For technical 
assistance, the authors express their appreciation to 
Cherrie Merkle and Carl D. Heather. 


of different procedures with the following solu- 
tions: distilled water; solutions of sodium 
chloride, sodium hydroxide, sodium citrate, 
and sodium carbonate of varying concentra- 
tions; 0.1% sodium ricinoleate; 2% bile; 
0.5%, 1.0% and 2.0% acetic acid; and hypo- 
tonic buffers at pH 6.0, 6.4, 6.8, 7.4, 7.8, 8.2, 
8.6, and 9.0. In addition, the enzymatic hy- 
drolysis of blood was tried using a crude ex- 
tract of Aspergillus oryzeae, protease, tryp- 
sin, erepsin, rennin, and papain. Of these 
procedures, only those using sodium citrate 
were worthy of more intensive study. A tech- 
nic allowing the filtration of 1 ml of blood was 
developed. With the appearance of Braun’s 
paper, studies were made to see if his findings 
could be incorporated with the data from our 
investigations to yield a still better technic. 
This paper describes a new technic, combin- 
ing the two studies, which allows the filtra- 
tion of a greater volume of blood, thus in- 
creasing the chances of obtaining a positive 
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MEMBRANE FILTER IN BLOOD CULTURES 


TABLE I. Recovery of Bacteria from Infected Rabbits by Membrane Filter and Routine 
Culture Method at Successive Intervals after Infection. 


Membrane filter 


Routine culture 


——— Hr aft 


———— Hr after in}. ter inj. ———, 

Organism 1 3 6 24 48 1 3 2 48 
PSs aeruginosa an if 24% oye: - 48 —- — — — 
P. vulgaris 24 24 24 24 NRi 24 2 24 48t NR 
M. p. var. aureus 24 24 24 a 24 24 — — — 
S. typhosa 24 24 48 24 NR — — — 120 NR 
St. pyogenes 24 24 — a NR 24 --- — — NR 
St. fecalis 24 24 — 48 oe 48 — — 72 — 
St. viridans — — = 48 = es = — — = 
E. coli 24 24 24 NR N 24 24 24t NR NR 
E. col 24 24 — 2 — = _ eae es 


* No. hours ineubation before positive result obtained. 


t Rabbit died before next bleeding could be made. 


t Not run. 


blood culture with low level infections. 
Method. This new technic has been car- 
ried out as follows: Two ml of blood were 
drawn from the marginal ear vein of an in- 
fected rabbit into a syringe containing 0.1 ml 
of a sterile heparin solution (100 USP units). 
This was transferred immediately into a ster- 
ile centrifuge tube containing 6 ml of saline 
and the mixture centrifuged for 10 minutes 
at 2500 RPM. The supernatant was filtered 
through a sterile membrane filter. The sedi- 
ment was resuspended in 12 ml of sterile 
0.5% sodium citrate and washed by centrifug- 
ing for 30 minutes at 2500 RPM. It was dur- 
ing this step that hemolysis occurred. The 
supernatant from this wash was discarded and 
the sediment again washed using 12 ml of 
2.0% sodium citrate, centrifuging for 30 min- 
utes at 2500 RPM. Again the supernatant 
was discarded. The final sediment was then 
suspended in 6 ml of 2.0% sodium citrate and 
immediately filtered through the same mem- 
brane filter used above. Although no discern- 
ible hemolysis took place during the two 2.0% 
sodium citrate washes, their omission made 
filtration of the final sediment impossible. 
Filtrations were carried out under negative 
pressure and usually took from 5 to 10 min- 
utes. When the entire laked blood sample had 
passed through the filter, the disc was re- 
moved with sterile forceps and placed on an 
absorbent pad, saturated with 2 ml of double 
strength Brucella broth (Albimi), in a 60 mm 
petri dish. Studies with this technic have 
been carried out with the following organ- 


isms: Escherichia coli (ATCC 8739), Micro- 
coccus pyogenes variety aureus (ATCC 6538), 
Proteus vulgaris (ATCC 9920), Pseudomonas 
aeruginosa (ATCC 10145), Salmonella ty- 
phosa (ATCC 9992), Streptococcus fecalis 
(ATCC 6057), Streptococcus pyogenes 
(ATCC 6636), and Streptococcus viridans 
(fresh isolate). Plates were incubated at 37°C 
for at least 48 hours. Colonies were routinely 
picked from plates for subculture and their 
identification confirmed. For successful fil- 
tration, it was found that fresh solutions, 
especially the citrate solutions, were essential. 
These were never prepared more than 24 
hours before use. Comparative tests have 
been made on the recovery of these same or- 
ganisms from the blood of infected rabbits at 
various times after infection employing both 
a routine blood culture method and the above 
described membrane filter technic. Rabbits 
were inoculated intravenously with sufficient 
numbers of cells to produce at least a tran- 
sient bacteremia, the numbers injected vary- 
ing widely between cultures. After intervals 
of 1, 3, 6, 24, and 48 hours, 4-ml samples of 
blood were taken from the ear veins of the in- 
fected rabbits. Two ml were immediately 
placed in a flask containing 50 ml of brucella 
broth. The remaining 2-ml sample was proc- 
essed by the above described membrane filter 
technic. 

Results are shown in Table I and indicate 
that the membrane filter technic is as good as, 
and in most cases better than, the routine 
method with which it was compared. Even 
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when growth was obtained by each method in 
24 hours, the membrane filter is advantageous 
since isolated colonies are available for sub- 
culture to differential media. 

No comparison can be attempted between 
this membrane filter technic and the actual 
blood culturing technics used in diagnostic 
laboratories since far larger volumes of blood 
are used there than the 2.0 ml used here for 
simulating routine blood culture methods. 

Although the heparin-citrate technic here 
described required more processing steps than 
does the method of Braun(1), the actual 
processing time is less (75-80 min. against 90- 
100 min.) and 2.0 ml of blood were filtered in 
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comparison to 1.0 ml with that method. 


Summary. A new technic for the recovery 
of bacteria from the blood of animals using 
the membrane filter is described. While it re- 
quires more processing steps than does the 
method of Braun(1), the actual processing 
time is less and a greater amount of blood is 
filtered. The new technic was compared to a 
routine blood culture technic. It proved to 
be as good as, and usually better than, the 
routine method with which it was compared. 


1. Braun, W., and Kelsh, J., Proc. Soc. Exp. Bior. 
AND Mep., 1954, v85, 154. 
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In November, 1954, we were informed by 
Drs. Jonas Salk and Ulrich Krech(1) that by 
means of a direct challenge test in mice they 
had obtained considerable success in estimat- 
ing the antigenicity of the type 2 component 
in poliomyelitis formalinized vaccine. This 
was done by injecting groups of mice intra- 
peritoneally with single doses of a series of 
various dilutions of such vaccine, then chal- 
lenging these mice intravenously 3 days later 
with a proper dose of a particular type 2 
virus. The stronger doses of vaccine produced 
immunity in this short period of time while 
the weaker doses did not. Furthermore, the 
entire test was completed in a matter of days 
rather than in a matter of weeks as necessi- 
tated by the regular monkey or mouse tests 
in which a series of 3 weekly doses of vaccine 
is administered, and one week later serum ob- 
tained for conducting subsequent serum ++ 
virus neutralization tests. 

This report presents the results we have 
obtained during the past 3 months in conduct- 
ing mouse tests of trivalent poliomyelitis vac- 
cine using all 3 types of virus as challenge 
strains in mice. As this work is being com- 
pleted, Krech(2) has reported the original 


work on the type 2 tests in Dr. Salk’s labora- 
tory as referred to above. 

Materials and methods. Poliomyelitis vac- 
cines we have used have comprised trivalent 
lots prepared in the Biological Production Di- 
vision of this Company. These have been pre- 
pared from monkey kidney tissue culture 
virus inactivated with formalin. In addition 
to assaying trivalent vaccine, many samples 
of univalent vaccine from the same source 
have been assayed. The challenge strains of 
virus we have used have been as follows: 
Type 1 was a Mahoney strain of virus(3,4) 
received as a thirtieth mouse passage in No- 
vember, 1953, from Drs. Morris Schaeffer and 
C. P. Li. The type 2 virus we have employed 
is an MEF1 virus(5) we have used here for 
2 years in experimental chemotherapy. ‘This 
is a line of virus passaged in 7-day-old ham- 
sters, and possesses marked general peripheral 
virulence for mice. The type 3 virus we have 
used is a Leon strain received in June, 1954, 
from Dr. Jonas Salk as the 12th criss-cross 
passage (from monkey kidney tissue culture 
to mouse spinal cord and vice versa). Gen- 
erally each lot of vaccine was tested by in- 
jecting groups of 10 mice with a single 0.5 


564 


ml dose of vaccine. Different groups of mice 
were injected with different 5-fold dilutions 
of vaccine. Usually 4 or 5 such dilutions of 
vaccine were sufficient for establishing an ap- 
proximate 50% endpoint. Mice immunized 
in this way were challenged 3 days after vac- 
cine with type 2 virus, and other mice chal- 
lenged 4 days after vaccine with types 1 and 
3 virus respectively. (It may be that a 3 
day waiting period will suffice as well for 
types | and 3 as for type 2 challenge, however 
more comparative tests are necessary to de- 
cide this point.) Challenge dose of all types 
is roughly 10 PDs» of virus. Generally 7 to 
10 of 10 non-immunized controls are para- 
lyzed by this test dose, and from 2 to 6 of 10 
mice paralyzed by one-tenth the challenge 
dose. Types 1 and 3 challenge doses are given 
intraspinally and type 2 intravenously. Vol- 


TABLE I. Results of Mouse Tests, Types 1, 2, and 
3, of 2 Lots of Poliomyelitis Vaccine. Mice living 
and showing no paralysis out of 10 mice used. 


Challenged with virus types: 


il: 2 3 
ets ate Lae 
gs sé eg 
a2 o One a= o 
oe aie a he 

Single dose of as BS fees 
vaccine, .5 mli.p. seats ares SETA 
646778 Undiluted 8* g* 10* 

Thais 7 10 6 
M25 f 7 8 
Ihe ss 5 4 df 
1:625 2 4 6 
646783 Undiluted 6 8 10 
5 Tf 6 4 
sD 6 7 3 
ih Sales) 8 2 4 
L625 5 3 5 
Virus 1 chalienge 2 3 0 
con- dose 
trols 
.1 challenge if 5 4 
dose 

SOutot 10: 

Note: Final results are read and recorded as 


lA 


shown above 7 days after challenge. 


Potency TESTS oF PoLIOMYELITIS VACCINE 


ume of intraspinal doses are 0.03 ml and vol- 
ume of intravenous challenge doses are 0.1 
ml. Readings are made 7 days after virus 
injection. 

Results. Table I shows the results of tests 
of 2 lots of poliomyelitis vaccine. Dilutions 
of vaccine as weak as 1:125 elicit considerable 
immunity against all 3 types of virus. The 
type 1 test on vaccine lot 646783 does not 
show a very sharp endpoint and possibly a 
further dilution of vaccine is needed on this 
lot. Thus far we have tested 21 separate lots 
of vaccine in this manner against all 3 types 
of virus. Generally fairly good endpoints of 
immunizing efficacy are attained by using 5 
five-fold dilutions of vaccine in each test. We 
have also tested a much longer list of vaccines 
(7.e. over 100) for antigenicity of the type 2 
component since we started with the type 2 
tests first. The type 2 test alone serves as a 
rough gauge of antigenicity of trivalent vac- 
cine under stability tests, etc. 


Conclusions. 1. Our results verify the use- 
fulness of type 2 mouse tests of poliomyelitis 
vaccine as communicated to us originally by 
Salk and Krech, and as recently published by 
Krech. 2. Furthermore, trivalent poliomye- 
litis vaccine may be tested for antigenicity of 
all 3 components by mouse tests using intra- 
spinal challenge with types 1 and 3 virus, and 
intravenous challenge with type 2 virus. 3. 
These tests can be completed in 10 or 11 
days. 


1. Personal communication from Dr. Jonas Salk 
and Dr. Ulrich Krech. 

2. Krech, U., J. Immunol., 1955, v74, 117. 

3.. Li, C. 'P., and Schaeffer, M., Proc. Soc. Exp: 
Brov. AND MeEp., 1953, v82, 477. 

4. , J. Immunol., 1954, v72, 123. 

5. Powell, H. M., and Culbertson, C. G., Proc. 
Soc. Exp. Biot. anp Mep., 1953, v83, 161. 
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I 


University of Pennsylvania, Philadelphia. 


Since the original reports of the “spinal 
cord depressant” effects of benzimidazole(1) 
and 3-(2'-methylphenoxy) propane-1,2-diol 
(mephenesin) (2), the actions of these and 
pharmacologically similar compounds have 
been investigated extensively. In general, 
they depress transmission through polysynap- 
tic more effectively than through monosynap- 
tic arcs in several regions of the central ner- 
vous system. Thus, at a spinal level lower 
doses are required to block the flexor and 
crossed extensor reflexes, in which internun- 
cial neurons are involved, than the monosyn- 
aptic knee jerk reflex or inhibition of the knee 
jerk by stimulation of the ipsilateral sciatic 
nerve(3,4). (It has been proposed that Golgi 
cells are also involved in “direct” inhibition 
(5)). Because of their potential clinical value 
in conditions characterized by spasm of skele- 
tal muscle, numerous agents have been tested 
for this type of activity(6,7,8,9). However, 
their usefulness has been limited because of 
brief duration of action, low potency, or nar- 
row margin between the therapeutic and toxic 
doses. Marsh(10) reported recently that 
2-amino-5-chlorobenzoxazole (McN-485), ad- 
ministered orally or parenterally to several 
species, produces prolonged flaccidity resemb- 
ling that following mephenesin, but without 
evident side effects. In anesthetized dogs, the 
compound was found to be devoid of signifi- 
cant cardio-vascular actions over a wide dos- 
age range; no pathological changes were noted 
in dogs or rats which received the compound 
orally daily for several weeks. The present 
communication describes the quantitative 
comparison of McN-485 with several other 
mephenesin-like compounds on spinal reflexes 
in the cat. 


* This investigation was supported by a grant from 
McNeil Laboratories, Inc., Philadelphia. Valuable 
technical assistance was rendered by Mrs. Helga H. 
Wagner. 


Materials and methods. The following 
drugs were employed, and were injected intra- 
venously as the solutions indicated (w/v): 
McN-485 (10% in polyethylene glycol), 
mephenesin (2% in 0.85% saline solution), 
2, 2-diethyl-1, 3-propanediol (Prenderol) 
(2% in saline), 2-amino-6-methylbenzothia- 
zole hydrochloride (1% in saline), benzimi- 
dazole (4% in HsO) and 2-methyl-2-n- 
propyl-1, 3-propanediol dicarbamate (Mil- 
town) (1% in saline).t Polyethylene glycol, 
in the volumes injected as the vehicle for 
McN-485, was found to be without effect on 
any of the responses studied. Lffects of the 
drugs on the flexor reflex and knee jerk were 
determined in spinal cats by a procedure simi- 
lar to that described by Slater e¢ al.(7). Cats 
were anesthetized with ether, administered 
artificial respiration, and the spinal cord was 
sectioned between C-2 and C-4; no more anes- 
thetic was given. The knee jerk was elicited 
with a solenoid tapper at intervals of 10 sec- 
onds and the response of the leg was recorded 
kymographically with an approximately iso- 
tonic lever. Alternately, the flexor reflex was 
recorded similarly from the severed end of the 
anterior tibial tendon of the opposite leg, fol- 
lowing stimulation of the peripherally-ligated 
ipsilateral tibial nerve by a train of three or 
four supramaximal rectangular shocks of 0.2- 
0.4 millisecond duration at a frequency of 200 
per second. Unnecessary movements of the 
leg were minimized by sectioning the femoral 
nerve and the hamstring branch of the sciatic. 
After a control period of approximately 30 
minutes, a drug was injected and its action 
was allowed to wear off or stabilize before the 
same dose was repeated. At each subsequent 


+ We wish to thank Dr. D. F. Marsh, of McNeil 
Laboratories, for supplies of Flexin, Dr. W. A. 
Lott, of E. R. Squibb and Sons, for Prenderol, and 
Dr. F. M. Berger, of Wallace Laboratories, for Mil- 


town. Other compounds were purchased directly. 
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2-AMINO-5-CHLOROBENZOXAZOLE (McN-485, FLEXIN) 


TABLE I. Comparative Activities of Spinal Cord Depressants as Inhibitors of Flexor Reflex 
in Spinal Cats. 
—————————————————————————————————— LL 


Dose (mg/kg, i.v.) No. of 

Cumu- times 

Drug Single lative given 
Mephenesin 10 3 
20 7 
Prenderol 20 3 
20 60 3 
80 140 2 
2-Amino-6-methyl- 5 i 
benzothiazole HCl 10 2 
MeN-485 m3) 2 
a) 1 3 
1 2 3 
2 4 3 
i 8 4 
8 16 6 
16 30 2 
Benzimidazole 20 3 
20 60 3 
80 140 2 
Miltown 20 2 
20 40 3 
40 100 3 


50% recovery time 


% inhibition (min. ) a 
Mean Limits Mean Limits 
25, 192190. i. 8p {oe ake 
50 28— 80 1225. 2.5 mee 
19 10— 24 3 i= 9 
39 24— 67 9 3 - 27 
55 48— 62 40 34 - 46 
75 dis 1255 1255 
94 87-100 25 45- 45 
5 020d Se ae 
14 8— 25 — SS 8) 
21 12- 33 —_ 4 -> 35 
Bilt 32-100 — > 6 -> 60 
65 49-100 — >12 ->240 
73 50-100 — >50 =>360 
98 96-100 — > 8 => 20 
25 5-— 59 ets) 1 - 4 
64 13-100 = >15 ->130 
100 100 — SS SS 4 
12 4— 24 —— > 4 = SS58 
42 10— 96 — 127 — 150 
64 24-100 — >40 ->180 


* The > sign indicates failure of 50% 
dose or sacrifice of the animal. 


injection, the dose was usually doubled. The 
two doses reported in most lines of Table I 
represent the Jast administered and the total 
cumulative dose. Satisfactory experiments of 
this type were obtained in 22 cats; prepara- 
tions which failed to maintain uniform re- 
sponses during the control period were dis- 
carded. 

The modifying action of McN-485 was 
studied on facilitation of the knee jerk, pro- 
duced by stimulation of the contralateral sci- 
atic nerve, and on inhibition of the same re- 
flex by stimulation of the ipsilateral sciatic in 
3 spinal cats. The nerves were ligated periph- 
erally, and the stimuli consisted of 45-second 
trains of supramaximal rectangular shocks of 
0.2-0.4 millisecond duration at a frequency of 
100 per second. The influence of the drug on 
muscular contraction following indirect stimu- 
lation was determined in 3 pentobarbital- 
anesthetized cats (35.0 mg per kg, intraperi- 
toneally) by recording contractions of the an- 
terior tibial muscle and carpal muscles during 
stimulation of the centrally ligated common 
peroneal and median nerves, respectively; 
the nerves were stimulated with single supra- 


recovery prior to adminis 


tration of a subsequent 


maximal rectangular shocks of 0.2-0.4 milli- 
second duration. 

Results. In agreement with published re- 
ports, the previously tested compounds, as 
well as McN-485, produced inhibition of the 
flexor reflex at considerably lower doses than 
were required to exert other than a regulariz- 
ing effect on the knee jerk. The individual 
drugs exhibited marked differences in the av- 
erage duration of the former action at various 
levels of inhibition. For purposes of com- 
parison, 2 mean figures are reported in Table 
I for each dosage range whenever possible: 
(1) percent inhibition at the time of maximal 
effect, and (2) 50% recovery time, or the 
time required to return from maximal depres- 
sion to half that level of depression. Follow- 
ing most doses of the long-acting drugs, 50% 
recovery failed to occur prior to the admin- 
istration of a subsequent dose or during the 
period of observation prior to sacrifice: such 
intervals are indicated by a > sign. 

Mephenesin, Prenderol and  2-amino-6- 
methylbenzothiazole HCl in the dosage range 
causing 25 to 75% inhibition of the flexor re- 
flex, had relatively brief durations of action 


2-AMINO-5-CHLOROBENZOXAZOLE (MCN-485, FLEXIN) 


t + 


10.0 MGM./KGM. 
2-AMINOBENZOTHIAZOLE 


20.0 MGM./KGM. 
MEPHENESIN 


FIG. 1. Recording of knee jerk (upper tracing) 

and flexor reflex (lower tracing) of spinal eat; 

10-see. intervals between stimuli. Drugs injected 
intravenously. 


(Fig. 1). Of the three, 2-amino-6-methyl- 
benzothiazole HCl was the most potent and 
Prenderol the least. The other three drugs, 
McN-485, benzimidazole and Miltown, pro- 
duced much more prolonged depression. In 
some experiments, a dose of 5.0 mg/kg or less 
of McN-485 abolished the flexor retlex com- 
pletely (Fig. 2); other animals required 
higher doses, as indicated in the table. Com- 
parison of the doses producing equivalent de- 
grees of inhibition indicates that McN-485 is 
approximately ten times as potent as the other 
two long-acting compounds. 

In the dosage range of 4.0 to 16.0 mg/kg, 
McN-485 suppressed progressively the facili- 
tation of the knee jerk produced by stimula- 
tion of the contralateral sciatic nerve in all 
3 cats (Fig. 3). After the higher cumulative 
dose, facilitation remained nearly or com- 
pletely abolished for subsequent observation 
periods of an hour or longer. Inhibition of 
the knee jerk by stimulation of the ipsilateral 
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sciatic was not affected by doses up to 30.0 
mg/kg. The same type of distinction has 
been reported for the other 5 agents(8,9,11). 

The responses of the anterior tibial and 
carpal muscles to stimulation of their motor 
nerves were unaffected by doses of McN-485 
below 60 mg/kg. Slight depression (less than 
15%) of the height of contraction of the 
carpal muscles was produced by cumulative 
doses of 60 to 90 mg/kg, and the response of 
the anterior tibial was reduced at higher doses. 
Following the injection of 150 to 180 mg/kg, 
complete block of the former group of muscles 
occurred in the 3 cats, and of the anterior 
tibial in 2 animals. At no time was potentia- 
tion, fasciculation or spontaneous twitching 
observed, and the depression was not modi- 
fied by neostigmine methylsulfate over a 
range of 0.1 to 0.8 mg/kg i.v. When d-tubo- 
curarine was studied in a similar animal pre- 
paration, it likewise produced depression of 
the response of the carpal muscles at a dose 


; 180° 
5.0 MGM/KGM. 
McN-485 
FIG. 2. Same type of preparation and recording 


ASM Donel 


| MGM/KGM. | 2 
Mc N-485 


FIG. 3. 


1¢ MGM/KGM. 


Facilitation of knee jerk by stimulation of contralateral sciatie nerve (C) and inhibi- 


tion by stimulation of ipsilateral sciatie (I) of spinal cat. MeN-485 injected intravenously at 
arrows in doses indicated. Knee jerk elicited mechanically at 10-see. intervals. 
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which did not modify contractions of the an- 
terior tibial. 

Discussion. The mechanism and exact site 
of action of mephenesin and pharmacologi- 
cally related compounds, including McN-485, 
have not been established. Although previous 
reports have indicated that the degree of 
block produced by these drugs becomes pro- 
gressively greater as the number of synapses 
in the neuronal arc increases, there is uncer- 
tainty as to whether they exert a selective de- 
pressant effect upon internuncial neurons(4, 
12). The mechanism of the neuromuscular 
blocking action is likewise unknown. In the 
present study, the failure of antagonism of 
McN-485-block by neostigmine suggests the 
action is not curare-like. In the absence of 
fasciculation or twitching prior to block there 
was lack of resemblance to the depolarizing 
agents, such as decamethonium. Thus, on 
the basis of limited observations it appears 
that the action at the neuromuscular junction 
does not conform with either of these classes 
of drugs. Since the magnitude of the doses 
required to produce neuromuscular blockade 
is so great relative to the doses which depress 
centrally mediated reflexes, it is unlikely that 
the former effect contributes significantly to 
the overall flaccidity. 

Summary. McN-485 (Flexin) has been 
shown to produce selective depression of poly- 
synaptic spinal reflexes at lower doses than 
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those required to block monosynaptic reflexes. 
In much higher doses, it inhibits the response 
of indirectly stimulated skeletal muscle. In 
these respects it resembles the other five 
“spinal cord depressants” tested. However, its 
duration of action is extremely protracted, as 
observed previously in unanesthetized animals 
(10), and its potency was found to be con- 
siderably greater than those of the other two 
long-acting drugs tested. In view of its re- 
ported low toxicity and minimum of side- 
effects, it appears to possess desirable proper- 
ties as a therapeutic agent of this class. 


1. Goodman, L., Gilman, A., and Hart, N., Fed. 
Proc., 1943, v2, 80. 
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Attenuation of Isoniazid-resistant Mutants of Tubercle Bacilli and Host 
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Comparative studies on guinea pigs, rab- 
bits, and mice have previously shown that 
the former two species of animal are much 
less susceptible than the latter to progressive 
tuberculous infection with isoniazid-resistant, 


\ 
* Aided by a grant from the Committee on Medical 

Research of the American Trudeau Society, Medical 

Section of the National Tuberculosis Association. 


catalase-deficient mutants of tubercle bacilli 
(1). This fact was related to the known dif- 
ference between these animal species with re- 
gard to their ability to acquire tuberculin hy- 
persensitivity during the course of tubercu- 
lous infection: the guinea pig and rabbit char- 
acteristically develop hypersensitivity where- 
as the mouse does not, to any appreciable ex- 
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tent. It was suggested(1), therefore, that 
tuberculin-type hypersensitivity might play a 
dominant role in determining the peculiarities 
of ‘the host-parasite relationship in infections 
with catalase-deficient strains of tubercle 
bacilli. The purpose of this report is to de- 
scribe further observations which have led to 
the abandonment of this hypothesis. 


Materials and methods. Golden hamsters 
and mice of the CF1 strain were used in these 
experiments. The strains of tubercle bacilli 
employed were the following recently mouse- 
passed human type strains: the parent 
H37Rv strain, isoniazid-susceptible, catalase- 
positive; the isoniazid-resistant, catalase- 
negative mutant (H37Rv Ry) of the same 
strain, previously described(1,2); the cata- 
lase-positive, isoniazid-susceptible, parent 
Pearson I strain(1); and its catalase-positive 
(ITA and IIB) and catalase-negative (III), 
isoniazid-resistant mutants, isolated in vitro 
from the parent Pearson strain. These strains 
of tubercle bacilli were routinely transferred 
in a Tween-oleic-acid-albumin medium(1) in 
screw-capped culture tubes with added beei 
liver catalaset (3 pg/ml). The 2 isoniazid- 
susceptible strains were carried without ison- 
iazid (INH); the catalase-negative, resistant 
strains, with 10 pg INH/ml of culture me- 
dium; the catalase-positive, Pearson IIA 
strain, with 0.2 1g INH/ml of medium, and 
the catalase-positive Pearson IIB strain with 
0.5 pg INH/ml of medium. Airborne infec- 
tion challenge of animals was carried out as 
previously described(1,3), with approxi- 
mately equal members of bacterial cells of 
each of the different strains. Subcutaneous 
inoculations were made in the groins of ham- 
sters by the classical methods in order to 
study the nature of visceral dissemination oi 
tuberculous disease in these animals. Bacterial 
counts from culture suspensions and from tis- 
sues were made on an oleic-acid-albumin solid 
agar medium (7 H-9) similar to one previ- 
ously described (7 H-7)(1), except that the 
concentration of ferric ammonium citrate was 


increased to 0.04 g per liter (no casein- 


+ Beef liver catalase, commercially obtained as the 
“crude” preparation from Nutritional Biochemicals 
Corp., Cleveland, O. 
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TABLE I, Colony Counts on Cultures of Lungs of 

Animals Challenged with Isoniazid-Susceptible, 

and Isoniazid-Resistant Strains of Tubercle Ba- 
ell. 


Dilutions cultured 


Strainst LGR Tet 10° NOS LO 


A. Subcutaneous challenge 
of hamsters with 2 
10* bacterial cells. 
74 days after challenge infection: 
H37Rv § <= eee) 40 — 
Ry 0 0 — = = 


B. Airborne challenge of 
hamsters and mice. } 
33 days after challenge infeetion: 


H37RvS 
Hamsters: — — >500 >500 100 
Mice: —- — >500 250 30 
Fi37Ry Ry 
Hamsters: >200 2 3 — — 


Mice: = — >500 80 9 


C, Airborne challenge of ham- 
sters with equal numbers of 
viable bacilli of Pearson 
strain and its mutants.+ 
8 wk after challenge infection: 


Pearson I - >300 — 
IIA — >300 35 — — 
IIB — >300 35 — — 
IAL >300 35 — — — 


* Dilutions of suspensions of approximately 0.5 
g aliquots of lung tissue. 

+t See text for descriptions of strains. 

AIS@E aes Li, 


hydrolysate was present in these media). Cul- 
tures were incubated for 17-21 days under 
2-5% COs in air at 38° C. 

Results. In several separate experiments 
subcutaneous inoculations of approximately 
equal numbers of bacterial cells of each of the 
2 strains, H37Rv S and H37Rv Ry, into the 
groins of hamsters had markedly different 
outcomes. The complete absence of pul- 
monary lesions and of viable bacterial cells 
(Table I-A) in the hamsters challenged with 
the catalase-negative, isoniazid-resistant mut- 
ant compared strikingly with the extensive 
pulmonary lesions and large numbers of bacilli 
in those animals challenged with the parent, 
drug-susceptible, catalase-positive strain. It 
is noteworthy, furthermore, that, like the pat- 
tern of tuberculous disease following sub- 
cutaneous inoculation of virulent mammalian 
type tubercle bacilli in the mouse, and quite 
unlike that occurring under the same condi- 
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Mamsters 


HSIRVS 
Cat.-PoOs. 


US7RVRY 
Cat.-neg. 


FIG. 1. Results of airborne infection (33 days) of 4 mice and 4 hamsters. Two mice and 2 

hamsters were simultaneously challenged with the catalase-positive, parent H37Rv strain; 2 

mice and 2 hamsters, with the catalase-negative, isoniazid-resistant mutant, H37Rv Ry. Note 
failure of hamsters to develop gross lesions, with the latter. 


tions in the guinea pig, no significant tuber- 
culous disease developed in the spleens of the 
hamsters. 

Airborne infection experiments gave similar 
results (Fig. 1). The results of simultaneous 
airborne challenge of mice and hamsters with 
another virulent human type strain, Pearson 
I, and each of 3 isoniazid-resistant mutants, 
derived from the same strain, are illustrated 
in Fig. 2. The bacterial counts on equal vol- 
umes of the lungs of the different groups of 
hamsters are recorded in Table I. Histologic 


study of the lungs of the hamsters challenged 
with the Pearson III strain revealed healed 
granulomatous lesions containing no stainable 
It was also evident both from 


acid-fast rods. 


the gross pathology and from the bacterial 
counts (Table I) that the pathogenicities of 
the Pearson IIA and IIB strains were less 
than that of the parent strain, but more than 
that of the catalase-negative strain. These 
2 strains are catalase-positive, isoniazid-resis- 
tant mutants which exhibit quantitatively less 
catalase activity than the parent strain and 
are less pathogenic for guinea pigs as well as 
for hamsters than is the parent, fully catalase- 
positive, drug-susceptible strain. 

Neither the hamsters nor the mice em- 
ployed in this study developed skin hyper- 
sensitivity to as much as 0.1 ml of 1:10 dilu- 
tion of old tuberculin. Challenge of tuber- 
culous hamsters or mice with 0.1 ml of un- 


x * 


FIG, 2. Results of airborne infection (8 weeks) of mice and hamsters with 4 different strains 
of tubercle bacilli; the parent Pearson I strain, 2 catalase-positive, isoniazid-resistant mutants | 
(IIA and ITB), and a catalase-negative, isoniazid-resistant mutant (III). Note decreased size | 
of lesions in hamsters challenged with the catalase-positive mutants, and absence of lesions in 

hamsters challenged with the catalase-negative mutant. 
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diluted old tuberculin by the intraperitoneal 
route also failed to elicit any systemic hyper- 
sensitivity. 

Discussion. The fact that two species of 
experimental animals, both of which fail to 
develop appreciable tuberculin hypersensi- 
tivity, differ so strikingly in their suscepti- 
bility to progressive infection with isoniazid- 
resistant, catalase-deficient strains of tubercle 
bacilli suggests that the inflammatory reac- 
tions of tuberculin-type hypersensitivity do 
not play a specific role in determining animal 
species differences in susceptibility to such 
strains of tubercle bacilli. It is conceivable 
that species differences in intracellular 
metabolic production of peroxide, to which 
such strains are known to be peculiarly sus- 
ceptible(1), may be responsible for the ob- 
served quantitative differences in suscepti- 
bility to these strains. 


Saal! 


Summary.  Isoniazid-resistant, catalase- 
deficient strains of tubercle bacilli are strik- 
ingly less pathogenic for hamsters than for 
CF1 mice. Neither of these species of animals 
manifests much tuberculin hypersensitivity. 
Therefore, the differences in susceptibility of 
different animal species to such strains of 
tubercle bacilli cannot be consistently related 
to differences in ability to develop tuberculin 
hypersensitivity during the course of tubercu- 
lous infection. 


1. Cohn, M. L., Kovitz, C., Oda, U., and Middle- 
brook, G., Am. Rev. Tuberc., 1954, v70, 641. 

2. Cohn, M. L., Oda, U., Kovitz, C., and Middle- 
brook, G., zbid., 1954, v70, 465. 

3. Middlebrook, G., Proc. Soc. Exp. BIoL. AND 
Mep., 1952, v80, 105. 
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The effects of immunization on the serum 
proteins of various species of animals have 
been studied by several investigators employ- 
ing electrophoretic and salting-out methods 
(1-4). Few studies, however, have been con- 
cerned with alterations in the carbohydrate- 
containing proteins of serum associated with 
an immune response. Hammerstrom and as- 
sociates(5) observed increases in the seromu- 
coid fraction following the administration of 
a iormalized suspension of distemper virus 
and bacteria to dogs. Kuhns(6) studied by 


* The investigation was supported in part by grants 
from the Veteran’s Administration and from the 
National Cancer Institute, Public Health Service. 

+ A preliminay report was presented at 39th an- 
nual meeting of Fed. of American Soc. for Exp. Biol., 
San Francisco, Calif., April, 1955. 


filter paper electrophoresis the distribution of 
protein-bound carbohydrate in normal and 
allergic human subjects hyperimmunized with 
diphtheria toxoid. Weimer, Redlich-Moshin, 
and Nelson(7) reported increases in total 
serum glycoprotein, seromucoid, and y-globu- 
lin polysaccharide in guinea pigs immunized 
with heat-killed Brucella suis cells. 

The present communication reports obser- 
vations on the total glycoprotein, seromucoid, 
y-globulin polysaccharide, total protein, and 
y-globulin protein in the serums of rabbits fol- 
lowing primary immunization. Inasmuch 
as the intramuscular administration of saline 
has been shown to cause increased concentra- 
tions of serum glycoproteins(8), one group of 
rabbits was injected with a sterile solution of 
0.85% sodium chloride in order to evaluate 
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TABLE I. Summary of Electrophoretic Analyses. 


Total serum , 


% of total protein* ——————_, 


No. of pooled protein Albumin =—————Globulin—————_, 
Group serums examined (g %)* a B v 
earl, re PR ae 29 
A. Normal 2 (4rabbitseach) 6340.10 61.0— 0.7 6.64 0.1 13.8 + 0.6 TSt6eeale 
B. Immunized 4 (2yrabbitseach) 6.22-0.05 38.9 + 5.5 7.9 1-5 20.246 325, odOee oe 


the effects of the injection procedure. Several 
pools of serums from the normal and from the 
immunized groups were examined by electro- 
phoresis for correlation with the results of the 
chemical analyses. 

Materials and methods. Rabbits. Male and 
female albino rabbits weighing from 1.8 to 4.0 
kg were used. The animals were caged sepa- 
rately and were maintained on a diet of rab- 
bit pellets supplemented with lettuce, and tap 
water. Antigens. The bacterins were heat- 
killed, washed suspensions from 48 hour cul- 
tures of smooth strains of bacteria grown on 
solid media. Prior to injection the concen- 
trations of the bacterins were adjusted to 1% 
by volume with sterile saline. Sterile horse 
serum was obtained from a commercial lab- 
oratory. Serum and plasma albumin prepa- 
rations were sterilized by filtration through a 
Seitz filter and precipitated with alum(9). 
The antigens employed and the number of 
rabbits immunized with each antigen follow: 
horse serum-2, human serum albuminS-4, 
bovine plasma albumin|-2, Brucella meliten- 
sis-6, B. suis-1, Diplococcus pneumoniae type 
II-2, D. pneumoniae type I1-2, Hemophilus 
influenzae-2, Salmonella typhi-1, S. paratyphi 
A-1, S. paratyphi B-1, S. typhimurium-1. 
Immunization. The rabbits were immunized 
according to the protocol suggested by Kabat 
and Mayer(9). Animals of the saline control 
group(C) were injected by the same pro- 
cedures. Serum. Blood was obtained by 
cardiac puncture. Electrophoretic analyses 
and serology were carried out on the fresh 
serums. The remainder was stored at —20°C 
until the chemical analyses could be con- 
ducted. Serology. The presence of antibodies 


t Difco Laboratories, Detroit, Mich. 

§ Human, serum albumin (salt-poor) Cutter Lab- 
oratories, Berkeley, Calif. 

|| Crystalline bovine, plasma 
Laboratories, Chicago, Ill. 


albumin, Armour 


was demonstrated in each immune serum by 
standard ten tube agglutination or qualitative 
precipitin tests(10). Electrophoretic analyses. 
Analyses were carried out in a modified Tisel- 
ius apparatus in veronal buffer, pH 8.6, ionic 
strength, 0.1. Measurements were made from 
enlarged patterns of the descending bound- 
aries. Chemical analyses. Chemical deter- 
minations were made by procedures previ- 
ously reported(11,12). The mean, standard 
error of the mean, ¢, and probability values 
were determined by standard statistical meth- 
ods(13). 


Results. The summaries of the results of 
the electrophoretic and of the chemical 
analyses are presented in Tables I and II, re- 
spectively. Electrophoretic studies. Although 
based on a limited number of observations, 
the results were in good agreement with those 
previously reported for normal(14) and for 
immunized (1,2,4) rabbits. Numerous electro- 
phoretic studies on immune rabbit serum have 
adequately confirmed the initial observations 
of Tiselius(1). Following immunization 
there occurs a marked increase in serum y- 
globulin with smaller increases in the a and 8 
components coincident with a pronounced de- 
crease in serum albumin. 


Chemical studies. A small increase oc- 
curred in the total serum glycoprotein level 
of the immunized group (B). The sum of the 
increases in concentration of y-globulin poly- 
saccharide and _ seromucoid was _ slightly 
greater than the observed increase in total 
serum glycoprotein, indicating a decrease in 
some component. The results of the electro- 
phoretic analyses suggested that the difference 
was due to the loss of protein-bound carbo- 
hydrate associated with the serum albumin 
fraction. It is noteworthy that the total serum 
glycoprotein concentration of normal rabbits 
(76 mg%) is significantly less than the cor- 
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TABLE II. Summary of Chemical Analyses. 
ea=$—0e—@=0@®$=—™@$=q—000—09OwDOO9DD9D9@9@9@)wTw#o9O9D9na9DO9DO)DSaRSS Nd __ _ _ ay Co eee 


Total serum y-globulin Total y-globulin 
No. of glycoprotein Seromucoid polysaccharide serum protein protein 
Group rabbits Mean* P Mean* P Mean* P Mean* - P Mean* iP. 
(mg %) (mg % ) (mg %) (g %) (g %) 
A. Normal 35 76 + 2.0 10 = 5 21+ 9 5.9 + 12 13 ==.06 
B. Immunized 25 79+2.0 .3 eS ss 242 264212 01 60+ .12 6 tO 0 OF 
C. Saline-inj. 9 72+1.4 8 9+ .4 4 19+1.3 .3 6.0+.14 7 ES == 09M ArO 


* Including the stand. error of the mean. 


responding values for man, (110 mg%), the 
guinea pig, (110 mg%), and the rat, (142 
mg%)(15), species also employed in im- 
munochemical studies. 

In contrast to previous reports on im- 
munized dogs(5) and guinea pigs(7), no sig- 
nificant change was observed for the seromu- 
coid fraction. 

Total serum protein values following anti- 
gen administration represented the net bal- 
ance between the decrease in serum albumin 
and the increases in the 8- and y-globulin 
fractions. Chemical analyses were made on 
serums from 14 of the animals before and 
after immunization. Six rabbits lost, 5 gained, 
and 3 remained the same with respect to total 
serum protein values. Similar tabulations 
were obtained for the other serum constitu- 
ents with the notable exception of the com- 
ponents of the y-globulin fraction. 

Significant increases occurred in both the 
polysaccharide and protein moieties of the 
y-globulin fraction following immunization. 
The protein-bound carbohydrate of the frac- 
tion accounted for a greater percentage of the 
total serum glycoprotein in the normal group 
(A) than has been observed for man(16) or 
the guinea pig(7,12). The percentage of y- 
globulin in the total serum protein of the 
normal rabbits, 22.0%, was in good agree- 
ment with our own results and those of other 
workers(14) based on electrophoresis. In- 
creases in either of the components of the 
y-globulin fraction could not be correlated 
with antibody titers. 

Repeated injections of sterile 0.85% 
sodium chloride by subcutaneous, intraven- 
ous, and intraperitoneal routes were without 
significant effect on any of the determined 
constituents of serum. 

Discussion. Changes in the serum proteins 


of rabbits following immunization, other than 
the production of antibodies have been re- 
ported by Boyd(3) and by Richter(4). Both 
authors observed increases in nonspecific 
globulins in addition to the elevation due to 
antibody. The current study has demon- 
strated that the alterations in the serum pro- 
tein pattern of rabbits following immunization 
were associated with changes in the protein- 
bound carbohydrate. 

Summary. The effects of primary im- 
munization on the serum concentrations of 
total glycoprotein, seromucoid, y-globulin 
polysaccharide, total protein, and y-globulin 
protein in rabbits have been investigated. 
Statistically significant increases occurred in 
the polysaccharide and protein moieties of the 
y-globulin fraction. Repeated injections of 
normal animals with sterile 0.85% sodium 
chloride subcutaneously, intravenously, and 
intraperitoneally were without significant ef- 
fect. The results of the chemical analyses 
have been discussed with reference to electro- 
phoretic studies. 
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The disturbances in glucose metabolism fol- 
lowing exposure to various hepatotoxic agents 
consist of fasting hypoglycemia and decreased 
glucose tolerance(1-3). No studies are avail- 
able, though, to show the effect of any of 
these agents on insulin metabolism. Since in- 
sulin is known to be concentrated in liver tis- 
sue(4), it would be of interest to investigate 
the effect of experimental carbon tetrachloride 
injury on some of the parameters of insulin 
distribution and disappearance. 


Method. Insulin labeled with I'91(5) was 
injected intravenously (0.6 unit/kg) into 
fasted male white rabbits, lightly anesthetized 
with pentabarbital. Blood samples were 
drawn at 15 minute intervals and the radioac- 
tivity determined in the zinc hydroxide pre- 
cipitates of the serum and converted to equiv- 
alent concentration of insulin. Prior to the 
above procedure the animals were divided 
into groups and injected with three different 
dosage levels of carbon tetrachloride, i.e., mild 
injury, .09 ml/kg; moderate injury, .27 ml/ 
kg; and severe injury, .60 ml/kg. An addi- 
tional group was subjected to bilateral ne- 
phrectomy plus severe carbon tetrachloride 
injury, while 2 control groups, one of normals 
and one with nephrectomy alone, were not 
subjected to injury. Histological sections of 
the liver revealed roughly 25%, 50%, and 


* This project was supported by Grant-in-aid from 
the USPHS. 


75% destruction of the liver cells in the three 
dosage groups. 

Results. The labeled insulin disappears 
from the serum in the first hour according to 
a first order law such that the relation below 
is valid: where 
log Y=a-+ bX 

Y = serum insulin level in 10° units/ml 
X = time in min. after inj. 
The values for the parameters “a” and “b” 
are shown in Table I and the means of each 
time group shown in Fig. 1 for different ex- 
perimental situations. 


TABLE I. Parameters of Insulin Distribution 

and Disappearance Are Based on Relation Log Y 

=a-+bX, where Y Is Serum Insulin Level in 

Microunits/ml and X Is Time in Min. after Injec- 
tion of Labeled Insulin. 


No. of 
Group a b animals 
Normal 3.468 —.0082 21 
S.E* 027 .0005 
Mild CCl, 3.420 —.0096 7 
S.E. 03 0008 
Mod. CCl, 3.392 —.0062 5 
S.E. 02 0006 
Severe CCl, 3.574 —.0054 11 
S.E. .02 0004 
Nephrectomy 3.419 —.0036 5 
S.E. 03 0015 
Nephrectomy + 3.547 —.0034 a 
severe CCl, 
S.E. AOA .0007 


* S.E. = Stand. error. 
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EFFECT OF CClq INJURY ON SERUM DIS- 
APPEARANCE RATE OF I'S! LABELED INSULIN 


@—@ Normal 
*—xX Mild Injury 
&—A Moderate Injury 
O— Severe Injury 

@---B Nephrectomy 
C+-ONephrectomy +Severe Injury 


5 10 I5 20 25 30 35 40 45 50 55 60 
TIME IN MINUTES AFTER INJECTION 


FIG. 1. Mean concentration of labeled insulin in 
serum plotted for each time group. Conditions for 
fit on straight lines are satisfied. 


SERUM INSULIN 10° UNITS/ML. 


In the mildly injured group, the rate con- 
stant (b) is essentially the same as in the 
normal group, while in the moderately and 
severely injured groups, the rates are signifi- 
cantly slower than in the normal group. In 
the two nephrectomized groups, the rates are 
essentially the same for both the CCl, injured 
animals and the non-injured animals, al- 
though these rates are significantly slower 
than those in either the normal or injured 
groups with intact kidneys. 

Extrapolation of the disappearance curves 
to the Y-intercept gives values for theoretical 
concentration at time O (‘“a” in the disap- 
pearance equation). Analysis of these values 
in the non-nephrectomized groups reveals that 
the severe degree of CCl, injury gives values 
significantly higher than the normal group, 
while milder degrees show only equivocal 
changes. The nephrectomized groups show 
“a” values for the non-injured and severely 
injured animals which are essentially the same 
as the respective values in the non-nephrec- 
tomized groups. 

Fasting blood glucose values are lower in 
the CCl, injured groups than in the normals 
(Table II), as are the values for glucose after 
the injection of insulin. 

Determination of the radioactivity in the 
liver reveals that 12-22% of the injected ac- 
tivity is present in this organ at one hour 
(Table TIT). 


Discussion. It is obvious that CCl, has 
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little effect on the disappearance rate of la- 
beled insulin in the absence of the kidneys, 
therefore the slower rate noted in the non- 
nephrectomized, injured animals is probably 
due to the CCl, effect primarily on kidney 
function rather than on liver function. The 
disappearance rate of the labeled insulin is 
about 1.8% per minute and a large part of 
this is dependent on kidney function (1.1% 
per minute), which is consistent with earlier 
observations that hypoglycemic substances 
appear in the urine after the injection of in- 
sulin(6-8). 

In contrast to the disappearance rates, the 
theoretical concentration in the serum at time 
O is independent of kidney function, but is 
affected by changes in liver function such that 
a higher initial concentration is found in the 
severely injured groups regardless of nephrec- 
tomy. The greater hypoglycemic effect is 
noted in the severely injured animals where a 
higher initial concentration of labeled insulin 
is present. 

Summary. 1. The disappearance rate and 
distribution of I'*! labeled insulin in the 
serum of white rabbits was studied under 
various degrees of injury with carbon tetra- 
chloride and after bilateral nephrectomy. Ra- 
dioactivity was determined in the protein 
bound phase. 2. Disappearance of labeled 
material from the serum could be expressed 
by a first order relationship. Disappearance 


TABLE II. Blood Glucose Levels in mg % for 

Time Indicated after Injection of Labeled Insu- 

lin. Fasting and post-insulin levels are signifi- 

cantly lower than normal in both of CCl, injured 
groups. 


Fast- 15 30 45 60 


Group ing min. min. min. min. 
Normal 
Mean a Sa GE Ea. Oy 
Sek: 4.1 3.4 3.4 5.5 6.9 
NG; 12 12 12 12 12 
Mild-moderate 
CCl, injury 
Mean 74.4 61.6 584 61.0 65.7 
S.E. 2.2 5.5 4.6 3.0 3.4 
INOS 7 7 7 7 7 
Severe CCl, in- 
jury 
Mean 74.4 60.5 48.2 45.7 45.1 
S.E. 2.2 1.2 4.3 3.7 3.2 
11 11 i lel 


No. It 
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TABLE III. Concentration of Radioactivity in 
Liver Is Shown for One Hour after Injection, 
Expressed in Equivalent Microunits of Insulin. 


% of inj. radio- 
activity remain- 


Group wunits/g ing in liver at 1 hr 
Normal 
Mean 3,107 17.8 
S.E. AT 6.8 
No. 6 6 
Severe CCl, injury 
Mean 2,429 12.0 
S.E, 45 2.1 
No. ‘i 7 
Nephrectomy 
Mean 4,476 22.3 
S.E. 30 aS) 
No. 4 4 
Nephrectomy + se- 
vere CCL, injury 
Mean 6,352 21.5 
S.E. 40 2.6 
No. 4 4 


rate was most dependent on presence of in- 
tact kidneys and was relatively independent 


of CCl, damage to the liver. 3. The theoreti- 
cal value for serum concentration of labeled 
material at time O was increased by severe 
CCl, damage to the liver but was relatively 
independent of the status of kidney function. 
4. Lower glucose values in the blood, both 
fasting and after insulin, were found in the 
CCl, injured animals. 
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Qualitative Colorimetric Assay of Tyrosinase Substrates and Inhibitors.* 
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The biological efficacy of tyrosine ana- 
logues has been studied by means of tissue 
culture growth(1), microbiological assay(2), 
and manometric determinations(3). These 
methods, however, require many hours for 
their completion, and necessitate elaborate 
equipment. It was desired to devise a simpli- 
fied and rapid test for use in a program de- 
signed to screen large numbers of compounds 
for inhibition of melanin metabolism. A 
rapid im vitro qualitative colorimetric assay 
has been developed using potato tyrosinase 


* This investigation supported by grants from the 
Damon Runyon Memorial Fund, National Cancer 
Institute of the U. S. Public Health Service, the 
Elise Wolff Basch and the Lowell Bartlett Memorial 
Funds. ; 

t+ Present address: Beth Israel Hospital, Boston. 


as the enzyme source.+ 
method is given below. 

Colorimetric technics(5-9) used initially in 
the investigation of tyrosinase concentration or 
tyrosine oxidation, can also be applied to the 
elucidation of tyrosinase substrate specificity 
and an analysis of its inhibitors. Tyrosinase 
will convert suitable substrates to melanin- 
like complexes; thus substrates can be deter- 
mined by their conversion to darkly pig- 
mented materials at wavelengths about 570 
mu. Conversely, tyrosine antagonists as well 
as tyrosinase inhibitors and enzymatic poisons 


will prevent color development in the presence 


$$$ 
t While there are differences between tyrosinase 


preparations from mammalian and plant sources, it 
is generally agreed that the mechanism of color pro- 
duction is essentially the same in both systems(4). 


A description of the 
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TABLE I. Electrophotometer Readings during Determination of Substrate Activity. 


Reading at specified time (in min.) 


Tube Contents (+ buffer) 0 30 60 90 120 
1-2 Enzyme Hes) iso 095 son a90 
3-4 ” , L-tyrosine 15.5 25.0 35.0 45.0 54.5 
5-6 ” _, tyrosine ethyl ester* 15.5 31.5 47.5 59.0 63.0 
7-8 » _, chloracetyl-L-tyrosine* 16.5 29.0 39.0 48.0 59.0 


*12 ml 0.2 N NaOH/500 ml to obtain solution. 


of tyrosine-tyrosinase. Our method measures 
color production at 570 mu by an electro- 
photometer, first assaying the unknown com- 
pound in buffered tyrosinase (to measure ac- 
tivity as a substrate) and then in the presence 
of an active tyrosine-tyrosinase system (to 
determine any inhibitory effect). Color 
evolved at specified time intervals is compared 
with that of a tyrosine-enzyme control. 
Materials and methods. Cloudy fluid from 
ground white potato slices, extracted with an 
equal volume of Clark’s pH 6.8 phosphate 
buffer, was centrifuged at 3,000 rpm for 3 
minutes and the supernatant used immedi- 
ately. L-tyrosine solution, 4 x 10° molar 
was made from 362.4 mg of the amino acid 
(Fisher), 15 ml of 0.2 N NaOH, and distilled 
water added up to 500 ml. Color measure- 
ments were done by means of a Fisher electro- 
photometer, sensitivity B, and a Bausch & 
Lomb 33-78-57 filter transmitting at 570 mu. 
Readings were from logarithmic scale A ad- 
justed to the nearest 0.5%. The material was 
tested colorimetrically for its ability to act 
as a melanin-like precursor in the presence of 
tyrosinase. Duplicate unknowns in a concen- 
tration of 4 x 10° molar were dissolved in 
water or alcoholic water so that on dilution of 
5 ml to the final volume of the 20 ml cuvette, 
molarity would be 1 x 10°. Controls con- 
sisted of enzyme plus buffer’ (to follow dark- 
ening due to breakdown of starch granules 
and oxidation of phenols inherent to the po- 
tato), unknown plus buffer,|! and enzyme plus 
tyrosinase (to provide a color standard for the 
enzyme batch). Materials were added in the 
following order: buffer, tyrosine or unknown, 
and enzyme prior to first reading; further 


§ Partially replaced by alcohol when the unknowns 
were dissolved in that medium. 
| Partially replaced by alcohol when unknowns 


were soluble in that medium. 


readings were made at 30 minute intervals. 

Control estimations were similar to those 
given above. At zero time, 5 ml of unknown 
solution (4 x 10° molar), replacing a cor- 
responding volume of buffer, was introduced 
into tubes containing tyrosine-tyrosinase. 
This is a modification of the technic of Figge 
and Allen(9). If an inhibitor of the reaction 
was encountered in the unknown, more dilute 
concentrations were studied. 


Results. Substrate Activity. Electro- 
photometer readings during a typical assay 
are given in Table I. From these values, net 
color production was then calculated: Net 
color = final value tube—initial value— 
(change in enzyme control + change in blank 
tubes). It is seen that chloracetyl-L-tyrosine 
and tyrosine ethyl ester were more rapidly 
attacked by the system than L-tyrosine itself. 
This observation on activity of the former 
compound is in agreement with the findings of 
Kertesz(10) who used a manometric method, 
and also with the observations of Lerner(3) 
who demonstrated that alterations in the tyro- 
sine carboxyl group did not interfere with 
Harding-Passey tyrosinase activity. 

Effect on Tyrosine Oxidation. Five ml of 
chloracetyl-L-tyrosine and tyrosine ethyl es- 
ter, replacing equal quantities of buffer, were 
introduced into tubes containing tyrosine-tyro- 
sinase. Single and double (2 x 10° molar) ty- 
rosine standards served as controls. Tubes 
containing the chloracetyl-L-tyrosine and L- 
tyrosine, as well as those containing tyrosine 
ethyl ester and L-tyrosine, showed electropho- 
tometer readings twice that of the single L-ty- 
rosine standard. Tubes possessing twice the 
concentration of L-tyrosine revealed readings 
only 20% greater than the single concentra- 
tion controls. Thus it would appear that addi- 
tional quantities of tyrosine did not appre- 
ciably shorten its own induction period, while 
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the other substrates either produced this ef- 
fect or were rapidly oxidized themselves. 
Harding-Passey Tyrosinase. Harding-Passey 
melanoma was ground with sand, extracted 
with ten times its volume of buffer, and centri- 
fuged at 3,000 rpm for 3 minutes. Because of 
the dark color of the supernatant, only one ml 
could be used in the colorimeter tubes, and 
the extra volume was replaced by buffer. 
Under these conditions, dopa was rapidly oxi- 
dized, while the system was refractory to L- 
tyrosine, chloracetyl-L-tyrosine, and tyrosine 
ethyl ester. 

Discussion. Colorimetry has the advan- 
tages of speed and simplicity. The method 
possesses reproducibility as well as qualita- 
tive agreement with manometric determina- 
tions. The limitations of the technic are 4- 
fold. 1. Inability to use compounds that are 
insoluble in water, diluted alcohol, or other 
solvents relatively innocuous to the enzyme; 
2. Darkly pigmented substrate or enzyme 
preparations may be beyond the range of de- 
tection of the electrophotometer, and result- 
ant necessary dilution may render the enzyme 
ineffective; 3. Nonchromogenic coupled mole- 
cules may be evolved (an unlikely occur- 
rence); 4. The insoluble melanin may 
precipitate from solution in aggregates, hence 
at higher concentrations the Beer-Lambert 
law would not be followed. This is not a 
serious objection, since the procedure as de- 
scribed is determined with dilute solutions for 
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only limited periods of time, and each sample 
is matched by its own control. 


Summary. 1. A qualitative in vitro colori- 
metric assay for potato tyrosinase substrates 
and inhibitors is described. 2. L-tyrosine, 
tyrosine ethyl ester, and chloracetyl-L-tyro- 
sine were found to be suitable substrates, and 
the latter 2 compounds were attacked more 
rapidly than tyrosine itself. 3. These findings 
are in agreement with reported manometric 
studies on the specificity and velocity of plant 
tyrosinase. 4. The potato tyrosinase system 
was compared with one employing the enzyme 
from the Harding-Passey mouse melanoma. 
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Little or nothing is known about the nature 
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of electrophysiologic concomitants which may 
occur in the spinal cord in the course of ab- 
normal motor phenomena such as. ataxia, 
tremor, chorea, ballism or athetosis. The prin- 
cipal reasons why more information is not 
available is because these activities are not 
seen in anesthetized or restrained animals and 
no satisfactory method has been devised for 
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implanting a recording electrode system in 
the spinal cord of unanesthetized, unre- 
strained animals. While the fundamental 
question, notably the nature of the conduction 
pattern in the spinal cord in such conditions, 
is accessible by other indirect approaches, the 
present communication is concerned only with 
a method for the implantation of permanent 
electrodes in the spinal cord of cats. 

The principal difficulties involved in the 
implantation of recording electrodes in the 
spinal cord are (1) size, (2) durability, (3) 
adequate insulation, (4) varying distance be- 
tween the electrode tips and point of passage 
of the assembly through the osteoligamentous 
spinal canal and (5) effect on tissue. 

The Electrodes. In order to keep the fac- 
tor of resistance as low as possible, and for 
purposes of durability and flexibility, wire 
has been employed both for the pick-up and 
conduction elements. Wires of various diam- 
eters covered with different insulators were 
tried and silver wire 0.0035 inch total diam- 
eter with an enamel insulation (Sigmund 
Cohn Mfg. Co.) was finally chosen. The ac- 
tive electrode is the bare cut end of the wire 
which acts as a disc whose diameter equals 
that of the wire used. The insulation integ- 
rity of each segment of wire is individually 
tested by an ohmmeter. J/nsulation. Ordinary 
enamel coatings have a tendency to become 
porous to the body fluids or may crack and 
chip under the strain of the animal’s activity. 
Fine wire electrodes may actually break after 
excessive physical activity. For these reasons 
the electrodes are passed through polyethyl- 
ene tubing (P.E. #10 with an inside diameter 
of 0.011 inch and an outside diameter of 0.024 
inch from Clay-Adams Inc.). The wires pro- 
trude several centimeters from each end of 
the tubing and are sealed in place by varnish 
or liquid plexiglass (Rohm and Haas). To 
the undersurface of the tube a .010 inch poly- 
ethylene sheet .5 cm by 2 cm is similarly 
fastened. The fine wires are cemented along 
the upper surface of the sheet and brought at 
right angles through previously made holes 1 
mm to 2 mm apart. (Fig. 1). The electrode 
wires and the sheet are cut to proper size at 
the time of insertion. The addition of the flat 
P.E. sheet is necessary to counteract torque 


FIG. 1. Diagram of permanently implanted spinal 
cord electrode. 


of the tubing in the perpendicular electrode 
ends during and after placing in the cord and 
to serve as a pliable dura substitute when the 
latter is opened to admit the wires. A small 
hole may be placed in each corner of the sheet 
to facilitate suturing it to the dura. 

Preparation of recording end. A very small 
hearing aid female socket (Sonotone Corp.) 
is used to connect the electrode to the record- 
ing amplifier. Each female socket has two 
lugs bearing a small hole into which the poly- 
ethylene tubing is inserted and cemented. 
The 0.0035 inch enameled silver wire pro- 
truding from the tubing is soldered to the ap- 
propriate lug. (Actually it is necessary to 
solder the wire to the lug first and then in- 
sert the tubing into the holes because heat 
damages the tubing.) The tubing firmly ce- 
mented into the lugs affords a stable attach- 
ment so that there is no strain on the fine 
wires. The resistance of each wire of the 
completed electrode is again tested with an 
ohmmeter before sterilization. 

Electrode implantation. Conventional asep- 
tic technic is, of course, necessary. The para- 
vertebral muscles are detached subperiosteally 
and retracted widely. The dorsal lamina and 
posterior spines of 2 adjacent vertebrae are 
rongeured away to expose the dorsal and/or 
lateral surface of the dura. Any bleeding en- 
countered is controlled with cottonoid or 
crushed muscle. Suitable holes are made with 
a towel clip in adjacent lamina and dorsal 
spines. Retaining sutures are placed in the 
subjacent lamina and spine to be used later 
to secure the electrode. A Kel-F (Kellogg 
Co.) coated 0.009 inch platinum or silver 
wire, which will serve as a ground, is fastened 
to the adjacent dorsal spine and brought out 
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through the muscle and a stab wound in the 
skin near the incision. A similar electrode is 
placed in the neighboring paravertebral mus- 
cle mass at or just above the level of the ex- 
posed dura to record muscle potentials to be 
compared with the cord’s spontaneous activ- 
ity. The spinal cord and dura must be 
manipulated with extreme care. Blunt 
trauma to the dura or torn pia may produce 
hemorrhage and permanent damage to the 
cord. It is wise to stop and check the depth 
of anesthesia at this point lest tugging on the 
dura or inserting the electrode into the cord 
cause the cat to jump striking its cord against 
an instrument and causing irreversible trauma. 

With the aid of a Zeiss otoscope, whose 12.5 
cm working distance permits unimpeded ster- 
ile manipulation under direct stereoscopic ob- 
servation, two waiting sutures of six zero non- 
capillary black silk on 3/8 curved atraumatic 
eye needles are passed through the dura about 
1 cm apart. The magnification of 16 or 25 
times afforded by the otoscope makes it pos- 
sible to place the sutures cleanly through the 
dura without disturbing the pia or its vessels. 
The dura is then incised over its dorsal or 
lateral surface between the waiting sutures. 
The prepared electrode which has been ster- 
ilized in alcohol and dried is now laid in 
place. The waiting sutures in the more caudal 
lamina and dorsal spine are tied securely, per- 
mitting some slack in the electrode to accom- 
modate to the cat’s movements and take the 
strain off the fine wires. The proximal end 
of the polyethylene sheet is secured with the 
caudal dural waiting suture. The free distal 
end of the electrode is elevated and the per- 
pendicular wires, 2 to 4 mm long, are individ- 
ually grasped with very narrow curved for- 
ceps. The wires are gently directed through 
the slit in the dura and through the intact 
arachnoid and pia to the desired depth in the 
dorsal or lateral funiculus. The more cephalad 
waiting suture is then tied across the sheet. 
The electrodes are now held firmly to the 
dura and hence to the cord. The very fine- 
ness and flexibility of the electrode wires per- 
pendicularly placed in the cord permits their 
movement in the same direction with the cord 
without resistance and consequent damage 
over a prolonged period. The paravertebral 
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muscles are now closed in layers around the 
polyethylene tubing which is brought to the 
surface in a lazy loop to offset body move- 
ments and the skin is approximated with four 
zero black silk. A heavy coat of collodion is 
used to seal the incision and to secure the 
external assembly to the skin in a readily ac- 
cessible position. After the implantation of 
electrodes and completion of the operation it 
is informative to make recordings of cord ac- 
tivity while the animal is still under the anes- 
thetic and as it recovers for purposes of future 
comparison. There is no perceptible spinal 
shock. With proper technic the procedure 
produces no clumsiness or weakness in the 
animal after recovery from the anesthetic. 
The electrodes may be left in place over a 
long period of time without evidence of dis- 
turbance to the animals. We have examined 
cords after 6 weeks and found that there is 
minimal damage and gliosis of the cord about 
each electrode. Connective tissue prolifera- 
tion around the tubing and over the poly- 
ethylene sheet makes it adhere close to the 
dura. 

Recording technic. A 2-prong male plug, 
on a long light-weight lead from the amplifier, 
is plugged into the female socket fastened to 
the cat’s skin. The long lead permits the cat 
freedom to roam at will within a radius of 
10 feet from the oscilloscope. Movement pat- 
terns can be recorded cinematographically 
and synchronized with the oscilloscope records 
of the spinal potentials causing or resulting 
from the animal’s activity. For purposes of 
recording and synchronization the potentials 
may either be photographed or recorded on 
magnetic tape. The output of the animal 
electrodes is put into a differential pre-ampli- 
fier as described by Grundfest(1). The out- 
put of this pre-amplifier is then put into a 
specially designed cathode follower circuit for 
a two-channel ‘“Magnecord” magnetic tape re- 
corder to be described later. The moving 
tape records the spontaneous cord action po- 
tentials on one channel and an accompanying 
voice description, time signal or muscle po- 
tentials on the second channel. For purposes 
of analysis, the action potentials have been 
recorded directly by a 2-channel electroen- 
cephalograph or through the magnetic tape 
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recording at high, normal and low speeds and 
thence to the pen-writer with its paper moving 
at various speeds. Lengthy studies will have 
tobe made before drawing any analytical 
conclusions about the action potentials thus 
far obtained. The electrospinograms reveal 
occasional spiking with the generalized in- 
crease in activity just prior to and during mo- 
tion. Mark and Gasteiger(2) note similar 
unexplained spiking in both their acute and 
chronic preparations of the isolated spinal 
cord. This is thought to be the first time that 
electrodes have been chronically implanted in 
the intact spinal cord. 
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Summary. A technic has been described 
for the implantation of permanent fine wire 
electrodes in the spinal cord of animals. These 
electrodes permit oscillographic analysis of 
spontaneous cord action potentials in an un- 
anesthetized freely moving animal over a long 
period of time. The usefulness of this technic 
in studying animals with movement abnormal- 
ities has been indicated. 


1. Grundfest, H., Proc. IRE, 1950, v38, 1018. 
2. Mark V. H., and Gasteiger, E. L., EEG and 
Clinical Neurophysiol., 1953, v5, 251. 
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The relation of ascorbic acid to diverse 
physiological conditions has been extensively 
studied in an attempt to find out the value of 
ascorbic acid in health and in disease, Baner- 
jee(1), but insufficient reports have appeared 
on the role of dehydroascorbic acid in dis- 
eased conditions. Kellie and Zilva(2) noted 
that dehydroascorbic acid was not present in 
the blood under normal conditions. Plant 
and Bulow(3) and Fujita and Ebihara(4), on 
the other hand, noted that dehydroascorbic 
acid content of the blood was more than 
ascorbic acid. Bartolini(5) observed that the 
ratio of dehydroascorbic acid to ascorbic acid 
was lowest in normal human blood, but in- 
creased in some diseases. Banerjee et al.(6) 
reported the presence of dehydroascorbic acid 
in significant amount in tissues of scorbutic 
guinea pigs and absence of it in the tissues of 
a normal animal. Nyden(7) noted a signifi- 
cant reduction in the ascorbic acid contents of 
liver, spleen and adrenals in rats infected with 
trypanosoma hippicum and a marked rise in 
the ratio of dehydroascorbic acid to ascorbic 
acid in the plasma. Lund and Elmby(8) 
noted that the property of the intestine to re- 
duce dehydroascorbic acid to ascorbic acid 


was lost in intestinal diseases. Banerjee and 
Belavady(9) reported that dehydroascorbic 
acid content of the blood was raised and 
ascorbic acid content of the blood diminished 
significantly in patients suffering from 
typhoid fever. Dehydroascorbic acid was 
found to be toxic to rats by Patterson(10). 
It is a paradox that dehydroascorbic acid, 
which behaves essentially like ascorbic acid in 
giving protection from or curing scurvy(11, 
12), should be toxic in high doses. It was, 
therefore, of interest to study the dehydro- 
ascorbic acid level in blood of patients with 
infectious diseases which might indicate ab- 
normal conditions in the tissues. The present 
investigation, therefore, was undertaken to 
study the dehydroascorbic acid and ascorbic 
acid contents of blood of patients suffering 
and convalescing from meningococcal menin- 
gitis, acute lobar pneumonia, tetanus, typhoid 
fever and tubercular meningitis. These val- 
ues were also estimated in the blood of 
healthy adults for comparison. 

Methods. Selection of cases. 25 cases of 
meningococcal meningitis with purulent cere- 
brospinal fluid, 25 cases of tetanus with clas- 
sical symptoms, 23 cases of typhoid fever with 
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positive blood culture, 22 cases of acute lobar 
pneumonia and 17 cases of tubercular menin- 
gitis with typical symptoms and characteristic 
cerebrospinal fluid were selected. Blood was 
withdrawn from these patients before institu- 
tion of treatment and during convalescence. 
Normal subjects selected for investigation 
were students of Nilratan Sircar Medical Col- 
lege, Calcutta belonging to the same economic 
and social status as the selected patients. 
Results. Estimation of dehydroascorbic 
acid and ascorbic acid in blood. It has been 
observed that dehydroascorbic acid is very 
easily formed from oxidation of ascorbic acid 
present in the blood and other tissues. To 
guard against this possibility it is essential to 
deproteinize the blood as soon as it is with- 
drawn. 3 cc of freshly drawn oxalated blood 
were added drop by drop to 9 cc of distilled 
water in a 15 cc centrifuge tube, 3 cc of M- 
sulfosalicylic acid were added, the mixture 
was shaken thoroughly, centrifuged and the 
centrifugate was filtered through a piece of 
dry absorbent cotton. The filtrate was taken 
in a microburette and titrated quickly against 
a solution of 2:6-dichlorophenol-indophenol 
standardized according to the method of Men- 
aker and Guerrant(13). Ascorbic acid con- 
tent of blood was thus obtained. In an ali- 
quot of the filtrate hydrogen sulfide gas was 
passed for 5 minutes to reduce dehydroascor- 
bic acid to ascorbic acid, excess gas was re- 
moved by passing a current of nitrogen and 
the treated filtrate was taken in a microbur- 
ette and was titrated quickly with the 
standardized dye. This titration gave the 
values for both ascorbic acid and dehydro- 
ascorbic acid. The difference between the 2 
values gave the level of dehydroascorbic acid 


in the blood. The results are given in 
Table I. 
Discussion. During the acute phase in all 


the diseases investigated, the dehydroascorbic 
acid level of the blood was considerably in- 
creased and the ascorbic acid content dimin- 
ished. During convalescence dehydroascorbic 
acid content of the blood went down with a 
concomitant increase in the ascorbic acid 
content. These values, however, never 
reached the normal levels. The accumulation 
of dehydroascorbic acid in these diseases 
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TABLE I. Dehydroascorbic Acid and Ascorbic 
Acid Contents of Blood. (mg/100 ce of blood.) 


Dehydro- 
ascorbic 
acid 


Ascorbie 


Subjects acid 


Normal (28) 06+ .01* .87 — .02 


Meningococeal meningitis 


Acute eases who did .95 + .06 27 + .03 
not survive (8) 

Acute eases who sur- 61 + .04 43 + .02 
vived (17) 

Convalescent cases (11) sivas 02, * sake (03! 

Tetanus 

Acute cases who did 73 + .04 36 + .01 
not survive (13) 

Acute cases who sur- 41 + .03 02 + .02 
vived (12) 

Convalescent cases (12) 15 + .02 74 + .02 


Lobar pneumonia 
Acute cases who did 
not survive (7) 


Acute cases who sur- 40 + .02 43 + .01 
vived (15) 
Convalescent cases (13) Jloss {il D9) == 02 
Typhoid fever 
Acute eases who did .06 + .07 24+ .01 
not survive (4) 
Acute cases who sur- .oo + .02 45 + .02 
vived (19) 
Convalescent cases (15) 15+ .01 68 + .03 
Tubercular meningitis— 33 + .07 50 + .03 


chronic (17) 


Figures in parentheses indicate No. of subjects 
* Mean + stand. error of mean. 


might be due either to the conversion of 
ascorbic acid to dehydroascorbic acid or to 
failure in the reduction of dehydroascorbic 
acid to ascorbic acid. Glutathione and 
ascorbic acid may have considerable influence 
in controlling the maintenance of proper oxi- 
dation-reduction potential in the cells. It 
may, therefore, be possible that glutathione 
content is decreased in diseased conditions 
which results in the failure of reduction of 
dehydroascorbic acid to ascorbic acid. This 
suggestion is based on observations of Prunty 
and Vaas(14) of an inverse relation of red 
cell glutathione content and the level of 
plasma ascorbic acid in man. 


Sayers et al.(15) observed that injection of 
ACTH in rats and guinea pigs produced a 
transient fall of ascorbic acid in the adrenal 
cortex while the other tissues were not af- 
fected. Stefanini and Rosenthal(16) ob- 
served a fall in plasma ascorbic acid level and 
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a low urinary excretion of ascorbic acid in 2 
patients treated with ACTH. It is, therefore, 
probable that adrenal cortex may be involved 
in the production of dehydroascorbic acid. It 
has been observed by Cornforth and Long 
(17) that corticotrophin and cortisone facili- 
tate the oxidation of ascorbic acid to dehydro- 
ascorbic acid. Further, Long and Miles(18) 
had suggested that cortisone desensitizes by 
facilitating the oxidation of ascorbic acid to 
dehydroascorbic acid and that there is a shift 
in the equilibrium of ascorbic acid to dehydro- 
ascorbic acid to the right. So the accumula- 
tion of dehydroascorbic acid in the blood of 
patients investigated might be due to the 
stimulation of adrenal cortex by ACTH, 
which may be produced in increased amount 
during these infections. 

Whatever the mechanisms of the accumula- 
tion of dehydroascorbic acid in the blood it 
might be suggested that the toxic manifesta- 
tion of the disease might be partly due to the 
toxic action of accumulated dehydroascorbic 
acid as shown by Patterson in rats(10). Dur- 
ing the present study it had been observed 
that patients whose blood dehydroascorbic 
acid was high succumbed. It is, therefore, 
suggested that estimations of dehydroascorbic 
acid content of the blood should be under- 
taken in all cases of acute infection. 


Summary. 1. Dehydroascorbic acid and 
ascorbic acid values of blood were estimated 
in healthy subjects and in patients suffering 
from meningococcal meningitis, tetanus, acute 
lobar pneumonia, typhoid fever and _ tuber- 
cular meningitis. These values were also de- 
termined in surviving. patients during conval- 
escence. 2. There was statistically significant 
increase in dehydroascorbic acid and a dimin- 
ution in ascorbic acid values of blood of pa- 
tients suffering from above mentioned dis- 
eases. During convalescence, the dehydro- 
ascorbic acid level diminished with a con- 
comitant increase in the ascorbic acid level of 
the blood. 3. Significance of the rise of de- 
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hydroascorbic acid level of blood in acute in- 
fectious diseases has been discussed. It has 
been suggested that the estimation of dehy- 
droascorbic acid content of the blood should 
be undertaken for prognostic purpose. 


We are indebted to Dr. A. K. Dutt Gupta, Princi- 
pal and Superintendent of the Nilratan Sircar Medi- 
cal College and Hospitals, Calcutta for his kind per- 
mission to study patients of the hospital. 
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The renal clearance of several antibiotics 
has been studied in man(1) ana in dogs(2,3, 
4,5,.6,7). The clearance of penicillin was 
found to approximate the renal plasma flow 
both in man and in dogs. Caronamide and 
Benemid were shown to block the tubular 
transport mechanism responsible for penicil- 
lin secretion. In man, the renal clearance of 
penicillin, streptomycin, oxytetracycline, 
chlortetracycline and chloramphenicol de- 
creased in the order listed. In a previous in- 
vestigation we reported(8) that erythromycin 
was not secreted by the renal tubules in dogs 
after a single intravenous injection. The pres- 
ent investigation was undertaken to study the 
clearance of erythromycin in dogs under con- 
stant infusion and controlled experimental 
conditions. Benemid was used in the same 
dogs to explore its effect on the renal elim- 
ination of erythromycin. 

Experimental. Eight female mongrel dogs, 
weighing between 6.4 and 15.9 kg, were used 
in these experiments. They were fasted for 
18 hours prior to the experiment, and were 
then given 40 ml/kg of water by stomach 
tube. As a priming dose, 50 mg/kg of 
creatinine was injected into the saphenous 
vein of the hind leg. This was followed by 
an infusion of a 5% glucose solution contain- 
ing 0.3% creatinine and 5 mg of erythromy- 
cin+/100 ml/kg through the cephalic vein at 
a rate of 100 to 120 ml/hour using the Kelly 
infusion jar and Murphy tube. A self-retain- 
ing catheter was used to collect the urine. Be- 


* The trademark of Eli Lilly and Co. for the 
antibiotic erythromycin is ‘Ilotycin’. 

+ We thank Miss Joan Goodman, Messrs. H. M. 
Worth and J. P. Carrel for their assistance in the 
preparation of animals; Mr. C. E. Higgens, Miss 
Dortha Dumbar and Miss Helen Headley for the 
erythromycin and penicillin assays in urine; and Mr. 
D. W. Ziegler and Miss Stanis Stroy for the erythro- 
mycin and penicillin assays in serum. 

{ Erythromycin glucoheptonate assayed 700 mg 
of erythromycin per mg. The dosage was based on 
the erythromycin content. 


ginning half an hour after the start of the in- 
fusion, 2 consecutive urine collections of 15 
minutes duration were made. Each urine 
period was terminated by a single rinse of the 
bladder with a known quantity of physio- 
logical saline and an air-wash. Three blood 
samples were drawn from the jugular vein at 
30, 45, and 60 minutes after the start of the 
infusion. This will be referred to as the “con- 
trol phase.” Immediately after the “control 
phase,” a priming dose of 14 mg/kg of Bene- 
mid was injected intravenously. The infusion 
solution was changed to one containing 12 mg 
of Benemid/100 ml/kg, in addition to the 
same concentrations of creatinine and eryth- 
romycin in 5% glucose as employed during 
the ‘control phase.” Three blood samples 
and 2 urine samples were again collected 
starting half an hour after the change. This 
will be called the ‘‘Benemid phase.” In addi- 
tion, the clearance of penicillin was checked 
in 3 dogs. <A priming dose of 16,000 units 
was injected intravenously at the beginning 
of each experiment. Infusion solutions were 
identical to those described previously but 
contained 16,000 units/100 ml of penicillin 
instead of erythromycin. The ‘control 
phase” and ‘‘Benemid phase’? were carried 
out in the same manner as described. At the 
end of each experiment, the urine volume 
from each collection was recorded and the 
urine was appropriately diluted with distilled 
water for antibiotic assay and for creatinine 
determination. Erythromycin or penicillin in 
the urine samples was assayed by a turbidi- 
metric method described by Higgens e¢ al. 
(9). Serum levels of erythromycin or peni- 
cillin were determined by the procedures de- 
veloped by Ziegler and McGuire(10). A 
serum concentration value interpolated to 
coincide with the midpoint of the urine col- 
lection period was used to calculate the clear- 
ances. No effort was made to differentiate 
the protein-bound from the free form. Cre- 
atinine concentrations were determined on the 


TABLE I. Renal Clearances of Erythromycin, or Penicillin, and Clearance Ratios (Antibiotic/Creatinine) in Dogs before and after Benemid. 


-Benemid phaset 


Control phaset - 


Creatinine 


Antibiotie 


Creatinine 


Urine 


Antibiotic 


ratio 


Clearance 


clearance, 


m1/min./M? 


ml/min./M? 


clearance, Clearance vol, clearance, 
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cadmium hydroxide plasma filtrates(11) and 
on diluted urine by the alkaline picrate 
method(12). 

Results. The renal clearance of erythro- 
mycin and the clearance ratio (erythromycin/ 
creatinine) of these dogs before and after 
Benemid administration are summarized in 
part A of Table I. During the “control 
phase” the clearance of erythromycin aver- 
aged 65.4 + 5.7 ml/min/M? surface area and 
the glomerular filtration rate, as measured by 
the creatinine clearance, was found to be 87.3 
+ 5.6 ml/min/M? surface area. The calcu- 
lated erythromycin/creatinine clearance ratio 
was 0.76 + 0.03. It appears that the clear- 
ance of erythromycin is less than the glomer- 
ular filtration rate. 

During the “Benemid phase,” the clearance 
of creatinine was 82.6 + 4.7 ml/min/M? 
surface area. This is not significantly differ- 
ent from 87.3 + 5.6 ml/min/M? surface area 
obtained during the ‘control phase.” On the 
other hand, the clearance of erythromycin 
during the “Benemid phase” was increased to 
about the glomerular filtration rate, 7.e. 86.4 
+ 9.0 ml/min/M? surface area, resulting in 
an erythromycin/creatinine clearance ratio of 
1.02 + 0.06. This indicates that Benemid 
blocks the tubular reabsorption of erythro- 
mycin. Beyer(13) reported that Benemid in- 
hibited the tubular secretion of uric acid in 
the Dalmatian and inhibited its tubular reab- 
sorption in dogs of other breeds. He attrib- 
uted these findings to the inhibitory effect of 
Benemid on the enzymatic component(s) 
which determines the tubular transport sys- 
tem. 

The serum concentration of erythromycin 
during the urine collection periods before and 
after Benemid administration averaged 2.91 
+ 0.18 and 3.06 + 0.16 ug/ml, respectively. 
Although various dilutions were made for the 
assay of each serum sample to obtain greater 
precision, it must be pointed out that the 
serum levels of erythromycin were determined 
by a 2-fold dilution hemolytic method(10). 
It is evident that the reported serum levels of 
erythromycin were lower than the actual con- 
centrations. Secondly, no allowance was made 
for the possible plasma protein binding of 
erythromycin in the calculation of clearance. 
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Therefore, the actual percentage of the fil- 
tered load of erythromycin that may be re- 
absorbed by the tubules cannot be evaluated 
from these results. 

The urine volumes of these dogs varied 
from 0.63 to 8.40 ml/min, and averaged 2.72 
+ 0.53 and 2.68 + 0.34 ml/min before and 
after Benemid administration, respectively. 
Creatinine and erythromycin clearances were 
independent of the urine volume. 

In a previous experiment(8), using unan- 
esthetized duodenal fistula dogs, about 179% 
of the erythromycin was excreted in the urine 
during a period of 6 hours following a single 
intravenous injection of 10 mg/kg. In the 
same dogs, the renal clearance of erythromy- 
cin averaged 83.1 + 22.2 ml/min/M? surface 
area, a figure which is not significantly dif- 
ferent from 65.4 + 5.7 obtained in the pres- 
ent experiments under constant infusion of 
erythromycin and controlled experimental 
conditions. 

Caronamide(2,4,5) and Benemid(6) have 
been reported to block the transport mechan- 
ism responsible for tubular secretion of peni- 
cillin and to reduce its urinary excretion. 
They have no effect on the glomerular filtra- 
tion rate. The inhibitory effect of Benemid 
on the tubular secretion of penicillin was 
demonstrated in these dogs. As presented in 
part B of Table I, the clearance of penicillin 
averaged 348.6 + 30.9 ml/min/M? surface 
area during the ‘“‘control phase.” and 52.6 — 
5.6 ml/min/M? surface area after Benemid 
administration. The penicillin /creatinine 
clearance ratio decreased from 4.31 + 0.66 
during the “control phase” to 0.72 + 0.08 
after Benemid administration. These findings 
are in agreement with other reports(2.4-6). 
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Summary. The renal clearance of erythro- 
mycin is slightly less than the glomerular fil- 
tration rate in dogs. Benemid appears to in- 
hibit the reabsorption of erythromycin by the 
renal tubules. 
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Resistance to Bacteria in Hemorrhagic Shock. I. Decline in Phagocytosis- 
Promoting Capacity of Serum in Shock.* (21661) 


Fritz B. SCHWEINBURG, YAHANGEER YasuHar, H. Arto APRAHAMIAN, Davip 
DavipoFF, AND JACOB FINE. 
(With the technical assistance of Elsie Sylvester and Mary Nakamura.) 


From Kirstein Laboratory for Surgical Research, Beth Israel Hospital, and Department of Surgery, 
Harvard Medical School. 


Dogs subjected to severe hemorrhagic shock 
by the elevated reservoir technic nearly al- 
ways recover if transfused after 2 hours. One 
of the effects of such an injury is a reduced 
capacity to destroy bacteria(1). Thus normal 
dogs readily and completely eliminate large 
numbers of various species of intravenously 
injected bacteria, whereas dogs exposed to 
such bacteria during or after recovery from 
hemorrhagic shock of 2 hours’ duration can- 
not do so, and die in consequence without ex- 
ception within 24-96 hours. This injury to 
the antibacterial defense mechanism requires 
not less than 48 hours for full repair. 


The extent to which the various compon- 
ents involved in antibacterial defense are in- 
jured by the shock process is the subject of a 
current study. In this report we present as- 
say data on complement and on the phagocy- 
tosis-promoting capacity? of serum from nor- 
mal dogs and from dogs in hemorrhagic shock. 

Method. Two types of hemorrhagic shock 
were induced: (1) in which the transfusion 
was withheld until the shock would not re- 
spond to the transfusion; and (2) in which 
transfusion was given after two hours. In the 
first type, serum was obtained before shock 
and every two hours until death. In the sec- 
ond type it was obtained before shock, after 
two hours, and again 4, 6, 8 and 24 
hours later. The sera were removed with ster- 
ile pipettes and rapidly frozen. All sera from 
the same dog were tested at the same time. 


* Supported by a contract with the Office of the 
Surgeon General, U. S. Army, through the Subcom- 
mittee on Shock of the National Research Council. 

+ Since there is no agreement as whether opsonins 
are identical with natural antibodies or complement, 
or are independent heat stable substances in normal 
serum, whose action (promoting phagocytosis) is 
enhanced by complement, we prefer this term to the 


term opsonins. 


Complement was measured as follows: One 
ml of a 2% suspension of washed fresh red 
sheep cells and one ml of anti-sheep cell 
amboceptor, containing 1.5 units per ml were 
thoroughly mixed with one ml of serum pre- 
paredwinedilutions 172 0134. 1 Sslal Onmimeage 
or 1:64, and incubated with repeated shaking 
for 2 hours in a waterbath at 37°C. After the 
degree of hemolysis was observed, the tubes 
were placed in the refrigerator overnight and 
the degree of hemolysis redetermined the next 
morning. 

Phagocytosis - Promoting Capacity. 24 
hours after the intraperitoneal injection of 
200 cc of a 10% suspension of aleuronat in 
saline into a normal dog, the fluid exudate 
was aspirated with sterile precautions. One 
ml of 10% heparin was added to each 250 ml 
of this fluid, and the cells in the fluid recov- 
ered by centrifugation. The sediment from 
each 250 ml of exudate was suspended in 5 ml 
of a mixture of 7 parts physiological saline 
and 3 parts phosphate buffer (pH 7.2) and 
kept at 4°C. Cultures were made of the sus- 
pension to check sterility. Smears of good 
suspensions showed a few lymphocytes, a rare 
mononuclear cell, and a small number of red 
cells, in addition to the polymorphonuclear 
leucocytes. The polymorphonuclear leuco- 
cytes were tested for phagocytic activity at 
intervals within 24 hours, during which 
phagocytic activity was found not to have 
changed. These cells were exposed in every 
case to bacteria from a 24 hour nutrient broth 
culture of a strain of non-hemolytic, coagu- 
lase-negative micrococcus pyogenes var. albus 
(Staph. albus). Phagocytosis was determined 
as follows: One-half ml of the leucocyte sus- 
pension, one-half ml of serum and one-fourth 
ml of the bacterial culture (about 5 billion per 
ml) were thoroughly mixed in sterile Wasser- 
mann tubes and incubated in a waterbath at 
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TABLE I. Percentage of Phagocytosis by Leucocytes from Normal Dogs in Serum from Dogs 
Transfused just after 2 Hours in Hemorrhagic Shock.* 


Time blood taken Exp. 1 2 3 4 5 6 7 8 
Before shock 53 (90) 55(33) 50(90) 51(36) 48(28) 55 (33) 50(24) 20 (12) 
2 hr of shock 50 (85) 50 (42) 50(92) 380(87) 50(38) 58(28) 38(10) 20 (14) 
4hr after shock 35(92) 62(35) 30(84) 29(25) 42(50) 48(33) 42(24) 20 (14) 
lity 40 (90) 42(40) 25(94) 25(29) 28(52) 40(28) 34(18) 16 (14) 
Sih? —(—) —(—) —() —(—) 20 (44) 42 (28) 36 (20) 16 (20) 
24hr 7 % 50 (90) 46(40) 24(94) 50(88) —(—) 48(22) 36 (26) 20 (18) 
48hr ” e 46 (85) 50(40) 24(88) 58(42) —(—) —(—) 58 (84) 16 (—) 
92hr ” *  50(90) —(—) 24(84) —(-) ——) —H) —H) -—O 


* Figures in parentheses are % of leucocytes in fields counted which were active. Percentage 
of active leucocytes was reasonably uniform, so that changes in the phagocytic count are at- 
tributable to the serum. Occasionally a 2 hr shock dog succumbs. All dogs in this group sur- 
vived, except Dog 5 which died shortly after the eighth hr, 


37°C. The tubes were shaken gently and fre- 
quently during the incubation. Originally 
smears were made after one, 2 and 3 hours of 
incubation. Phagocytosis was usually not suf- 
ficiently advanced until after 2 hours, while 
after 3 hours bacterial multiplication was such 
as to interfere with the counts. Therefore, only 
the data after 2 hours of incubation were used. 
In a very few instances, however, in which bac- 
terial multiplication had started at 2 hours, 
the one hour counts were used. The smears 
were made with a standard loop on clean glass 
slides and were stained by Gram’s method. 
On each slide 200 leucocytes and the bacteria 
in the same fields inside and outside the leuco- 
cytes were counted, and the percentage of 
phagocyted bacteria and of phagocyting leu- 
cocytes determined. Because the amount of 
phagocytosis depends on the closeness of con- 
tact between bacteria and leucocytes, shaking 
machines in the incubator facilitate a greater 
degree of phagocytosis than shaking by hand. 
Although we employed the latter, we regard 
our data sufficiently reliable, since our objec- 
tive was only a comparison of the amount of 
phagocytosis by the same cells in different 
sera. 


Direct damage to leucocytes was not re- 
vealed from a study in 2 dogs, as follows: 
Aleuronat was injected intraperitoneally and 
after 24 hours some of the exudate was re- 
moved with sterile precautions and irrevers- 
ible shock then produced. Both dogs were 
killed in the agonal state and the remainder 
of the exudate recovered. The 2 crops of 
leucocytes from each dog were harvested and 
tested in normal sera for phagocytosis as 


described. No difference in phagocytic ac- 
tivity between the 2 preparations was ob- 
served in either dog. Since the leucocytes of 
the normal dog are representative of those of a 
dog in shock, the phagocytic index displayed 
by normal leucocytes in shock serum may be 
regarded as a measure of the performance of 
the leucocytes of the dog in shock. 


Results. Complement (6 experiments): 
No significant difference was noted in any of 
the experiments between the hemolytic power 
of normal serum and the sera taken during 
irreversible shock, or during and after 2 hour 
shock. 

Phagocytosis-promoting capacity was as- 
sayed in 8 dogs exposed to 2 hours of revers- 
ible shock, and in 5 dogs in prolonged irre- 
versible shock (Tables I and II). In 3 of the 
dogs exposed to 2 hours of shock no definite 
change in the phagocytosis-promoting activ- 
ity of the serum was observed. In four the 


TABLE II. Percentage of Phagocytosis by Leuco- 
cytes from Normal Dogs in Serum of Dogs in 
Irreversible Hemorrhagic Shock.* 


Time 
blood taken Exp. 1 2 3 4 5 
Before shock 72 90 68 42 40 
2 hr 2 80 35 70 38 50 
4 hr i 76 35 25 40 38 
6 hr ss 28 30 3 38 26 
8 hr a3 22 — — 26 22 


* Percentage of active leucocytes was reasonably 
uniform, so that the drop in phagocytic count 
must be attributed to the serum. The protein con- 
tent of the serum is not significantly different from 
that in the serum prior to shock. Death occurred 
shortly afterward in first 3, and some hours later 
in last 2 experiments. 
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phagocytic activity of the cells declined to 
some 60% of the preshock value within the 
first six hours, but rose to near the preshock 
value within 48 hours. In one it declined 
steadily and at 8 hours was about 40% of the 
preshock value. This may be related to the 
fact that death, which is exceptional in such 
dogs, occurred soon thereafter. 

The 5 dogs subjected to irreversible shock 
all died between 6 to 8 hours after bleeding 
had been induced. In 3 there was a significant 
and progressive decline in phagocytic activ- 
ity, beginning within 2 hours in one dog, be- 
tween the 2nd and 4th hour in the second, 
between the 4th and 6th hour in the third. In 
the fourth and fifth the decline was less im- 
pressive. 

Discussion. These data indicate that con- 
siderable damage to the phagocytosis-promot- 
ing factors in serum develops within a few 
hours after the onset of severe hemorrhagic 
shock. A slower rate of production of these 
factors or the development of a substance that 
inhibits them may account for the injury. A 
significant disturbance in the complement 
complex may exist in spite of the finding of 
normal hemolytic activity. Pillemer e¢ al.(2) 
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have demonstrated the presence in serum of 
Properdin, a globulin fraction, which in asso- 
ciation with the C3 fraction of complement, 
acts as a natural bactericidal system. Data 
recently obtained by us in collaboration with 
Pillemer demonstrate a decline in the titer of 
Properdin in severe hemorrhagic shock(3). 
To what extent Properdin or other substances 
(“opsonins”) are depleted during shock be- 
cause of defective enzymatic synthesis or be- 
cause of the action of toxins, particularly bac- 
terial toxins, is the subject of a current study. 


Summary. During the course of severe 
hemorrhagic shock in dogs there is no change 
in the total and differential leucocytic count 
or in the hemolytic activity of complement zn 
vitro. But the phagocytosis-promoting ac- 
tivity of the serum is considerably reduced. 


1. Schweinburg, F. B., Frank, H. A., and Fine, J., 
Am. J. Physiol., 1954, v179, 532. 

2. Pillemer, L., Blum, L., Lepow, T. H., Ross, O: A., 
Todd, E. W., and Wardlaw, A. C., Science, 1954, v279, 
SUZ 

Seehine. wenn ballenersnlin 
published. 


and collaborators, to be 
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lar Collapse on Sensitivity to Endotoxin.* 
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Fritz B. SCHWEINBURG AND JACOB FINE. 
(With the technical assistance of Elsie Sylvester and Mary Nakamura.) 


From Kirstein Laboratory for Surgical Research, Beth Israel Hospital, and Department of Surgery, 
Harvard Medical School, Boston, Mass. 


Normal dogs dispose of large numbers of 
various strains of certain species of bacteria 
injected intravenously, and survive with no 
noticeable harmful effects. Dogs exposed to 
hemorrhagic shock at a blood pressure of 30 
mm Hg and transfused after 2 hours do not 
respond in the same way(1). If bacteria are 
not injected, over 90% recover. But if the 
same variety and number of bacteria, injected 


* Supported by a contract with the Office of the 
Surgeon General, U. S. Army, through the Subcom- 
mittee on Shock of the National Research Council. 


intravenously into normal dogs, are injected 
into such dogs during shock or within 24 
hours after the transfusion, they all die with- 
in 96 hours thereafter. The blood and tissues 
of normal dogs are free of these bacteria 24 
hours after they are injected, whereas the 
blood of the shocked dogs show a persisting 
bacteremia until death. At death the injected 
bacteria are uniformly found in the liver and 
spleen as well as in the blood. Thus, hemor- 
rhagic shock of brief duration severely im- 
pairs the antibacterial defense mechanisms. 
This injury persists for at least 48 hours, for 
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TABLE I. Comparative Action of Z. coli Endotoxin Injected I.V.* 


2-hr shock rabbits 


Normal Time of inj. after transfusion in hr % 
Dose in mg/kg rabbits 4 15 24 48 72 
Min lethal (100%) 13 000001 >.05 f 
Max surviving (100%) 05 .00000012 <.012 <.023 .05 05 


bacteria injected even after such an interval 
are not as readily disposed of as in the normal 
dog. Recovery of the defense mechanisms is, 
however, well along, since survival on expos- 
ure to bacteria at this time is the rule. 

In an effort to determine the extent to 
which the various components of the antibac- 
terial defense mechanism are involved in the 
collapse of this function, assays of comple- 
ment and ‘‘opsonins”’ were made (see accom- 
panying paper I). In this communication we 
report the effect of 2 hours of hemorrhagic 
shock upon the host’s sensitivity to a purified 
bacterial endotoxin. 

Method. Dogs are not suitable for this 
purpose because purified bacterial toxins are 
available in such restricted quantity as to 
limit unduly the number of experiments that 
are needed to establish the MLD-100, and 
then the change in sensitivity induced by the 
shock state. Rabbits were used instead. The 
elevated reservoir technic for inducing and 
maintaining hemorrhagic shock in the dog 
(2) was adapted to the rabbit. Differences in 
the technic relate to the following three 
points: (1), the minimal level of hypotension 
that the rabbit can tolerate for more than a 
very short interval is higher than in the dog 
(z.e. 50 instead of 30 mm Hg); (2), if the 
rabbit at any time before the end of 2 hours 
performs a self-transfusion in excess of 6% of 
the maximal volume bled into the elevated 
reservoir, it will die unless the rest of the 
blood is promptly reinfused; and (3), the re- 
infusion must be performed intra-arterially 
because the veins are not suitable for this 
purpose. Both dogs and rabbits recover al- 
most uniformly if the normal blood volume is 
restored at or before the end of 2 hours. Rab- 
bits requiring transfusion before the end of 
one hour in shock do not survive and are dis- 
carded. The experiment to test sensitivity to 
a bacterial toxin was performed as follows: 


The same preparation of a purified E. colt 
endotoxin, generously provided by Dr. A. 
Braude of the University of Texas (Dallas), 
was employed in all experiments. To avoid 
the uncertainties of absorption from the tis- 
sues or peritoneal cavity of shocked animals, 
the MLD-100 by the intravenous route was 
selected as the most desirable standard of as- 
say of potency in normal rabbits. This was 
found to be 0.13 mg/kg in 10 successive 
healthy white rabbits each weighing about 2.3 
kg, obtained from a uniform source of supply. 
In 10 successive experiments on similar rab- 
bits, the 100% survival dose was found to be 
0.05 mg/kg. Between these 2 doses the sur- 
vival rates varied and did not exactly conform 
to the dose. Doses in excess of 0.13 mg/kg 
caused death within a few hours, with no ob- 
vious signs of trouble except a rapidly pro- 
gressive muscular weakness. With the MLD- 
100 dose some animals lived up to 24 hours, 
during which the abdomen distended and the 
hind legs became paralyzed. Braude observed 
melena after intraperitoneal or intramuscular 
injection of a lethal dose in mice(3). In our 
experiments rabbits which died quickly 
showed moderate to severe hyperemia of the 
intestine wall. Those which died at 24 hours 
showed in addition severe gaseous distention 
and submucosal hemorrhage. but no blood in 
the lumen. Rabbits transfused after 2 hours 
of hemorrhagic shock received the endotoxin 
4, 15, 24, 48, or 72 hours after the transfu- 
sion. Prior to injection of the toxin all these 
rabbits looked and acted like normal rabbits. 
Even those injected at 4 hours were drinking 
water and eating with apparent relish. 
Results. (Table I). Ten successive 2 hour 
shock rabbits injected 4 hours after transfu- 
sion succumbed to a dose of 0.000001 mg/kg. 
The maximal survival dose 100 in all 2 hour 
shock rabbits injected 4 hours after transfu- 
sion was 0.00000012 mg/kg. In other words, 
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the shocked rabbits could not safely with- 
stand more than 1/400,000 the dose which 
normal rabbits can survive, and regularly suc- 
cumbed to 1/100,000 the dose required to kill 
normal rabbits. 


Fifteen hours after transfusion much of the 
resistance to the endotoxin had returned. The 
maximal survival dose 100 was about one- 
fourth that in normal rabbits. After 24 hours 
this dose was about one-half that in normal 
rabbits, and after 48 hours it was the same as 
in normal rabbits. 


Discussion. It is a commonplace of clinical 
experience that the victim of shock is more 
than normally vulnerable to certain drugs, 
especially to barbiturates and inhalation anes- 
thetics. The fact that there is also an in- 
creased vulnerability to a bacterial endotoxin 
in shock suggests that perhaps there is a de- 
creased tolerance to all foreign substances. 
That this is not the case is indicated by the 
following observation. Normal rabbits uni- 
formly succumb to an intravenous dose of 268 
mg/kg of morphine sulfate, but uniformly 
survive an intravenous dose of 259 mg/kg. 
Exactly the same values were obtained in an 
equal number of rabbits of the same weight 
and from the same litter when tested 4 hours 
after recovery from 2 hours of hemorrhagic 
shock. Presumably the detoxification of di- 
verse substances involves different systems, 
which may be injured in varying degree. 

It is noteworthy that the return of normal 
resistance to injected bacteria in dogs exposed 
to hemorrhagic shock for 2 hours requires 
about the same time that rabbits exposed to 
the same injury require for recovery of nor- 
mal resistance to endotoxin. 
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The site or sites of action of the endotoxins 
of many bacteria are not known. Braude’s 
observation(3) that bacteremia develops in 
mice exposed to the purified £. coli endotoxin 
suggests that this endotoxin, like whole body 
X-radiation, acts upon the R. E. system, the 
leucocytes or “opsonins.” If this is true, it is 
possible that collapse of the antibacterial de- 
fense mechanism in shock is in part attributa- 
ble to such injury by endotoxins (absorbed 
during shock from the gutt or elaborated by 
bacteria entering the tissues), which the ani- 
mal can no longer detoxify. An ordinarily avir- 
ulent strain of bacteria may thus acquire a 
lethal potential. From the data in this report it 
appears that the number of pathogenic bac- 
teria required to produce death in the shocked 
animal may not be very great, and is in any 
case far less than in the normal animal. 

Summary and conclusion. Rabbits trans- 
fused after one to 2 hours in hemorrhagic 
shock nearly always recover. During the im- 
mediate post transfusion recovery phase the 
sensitivity to a purified &. coli toxin is in- 
creased 100,000 times normal. Return to 
normal tolerance to the endotoxin requires 
about 48 hours. 


+ The normal rabbit is killed by injecting 3 mg of 
Braude’s £. coli endotoxin into the small intestine. 
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Influence of Adrenalectomy and Gonadectomy on Capacity of Rats to 


Excrete an Acid Load.* 


(21663) 


Mary E. Dum, STEPHEN H. LESLIE, AND ELAINE P. RALLI. 


From Department of Medicine, College of Medicine, New York University-Bellevue Medical Center, 
New York City. 


Pitts(1,2) has demonstrated that adrenal- 
ectomized rats have a decreased ability to ex- 
crete an acid load. Compared to normal ani- 
mals both the capacity to excrete ammonia 
and the excretion of titrable acid were re- 
duced. In the studies we are reporting the 
original observations of Pitts have been con- 
firmed. In addition, the effects of the sex of 
the animal, of gonadectomy, and of the injec- 
tion of some of the sex hormones have been 
studied. 


Procedures. Male and female rats, ap- 
proximately 40 days of age, were placed on a 
normal diet containing 22% protein and sup- 
plemented with adequate amounts of all vita- 
mins. After a period of 10 days on the diet, 
the rats were adrenalectomized or adrenalec- 
tomized and gonadectomized. Approximately 
30 days after operation the rats were given a 
dose of 1.5 m-mols of ammonium chloride per 
100 g body weight by stomach tube in a vol- 
ume of 2 ml per 100 g body weight. The ani- 
mals were placed in metabolism cages and 
urine was collected for 4 hours. The urine 
was analyzed for titrable acid and for am- 
monia by adsorption on permutit. In all acid 
load tests, the excretion of ammonia and 
titrable acid by intact rats after a comparable 
dose of ammonium chloride was also meas- 
ured. The rats used for the study of the 
effect of parenteral sex hormones were both 
gonadectomized and adrenalectomized. Those 
treated with progesterone were given 0.5 mg 
intramuscularly daily for 10 days before the 
test. Those treated with testosterone were 
given 1 mg intramuscularly on alternate days 
for 7 days before the acid load test. 

Results. The excretion of ammonia and of 
titrable acid by the intact and the adrenalec- 
tomized rats and by rats subjected to adrenal- 
ectomy plus gonadectomy is summarized in 


* This research was aided by a grant from The 
Josiah Macy, Jr. Foundation. 


Table I. The results are presented as micro- 
equivalents of ammonia or of titrable acid 
excreted per hour per 100 g body weight. The 
per cent of the ingested water excreted at the 
end of 4 hours is also indicated in the table. 
No consistent differences were observed in 
the excretion of either ammonia or titrable 
acid by intact male compared to intact female 
rats. Intact male rats excreted approximately 
100% of the ingested water and intact fe- 
males approximately 80% during the 4 hour 
period. In the adrenalectomized rats, how- 
ever, the excretion of ammonia, of titrable 
acid and the volume of ingested water ex- 
creted were all greater for the female than for 
the male. This difference has been consis- 
tently observed in 6 experiments and is sta- 
tistically significant. Adrenalectomized fe- 
male rats excreted an average of 4.1 micro- 
equivalents of hydrogen ion per hour per 100 
g of body weight, compared to an excretion of 
2.5 microequivalents per hour by the adrenal- 
ectomized male rats (p<0.01). The adrenal- 
ectomized females excreted 32 microequiva- 
lents of ammonia per 100 g per hour, com- 
pared to an average of 21 microequivalents 
by the males (p<0.05). After adrenalec- 
tomy plus gonadectomy, the excretion of am- 
monia was still significantly greater by fe- 
male than by male rats (p<0.05). However, 
there was no significant difference in the ex- 
cretion of titrable acid or in the per cent of 
the ingested water excreted between the males 
and females after gonadectomy plus adrenal- 
ectomy. 


Table II gives the excretion of ammonia 
and of titrable acid and the per cent of the 
ingested water excreted by rats adrenalecto- 
mized and gonadectomized and treated with 
either progesterone or testosterone. Compar- 
able values for rats not receiving hormone 
therapy are also included in the table. The 
injection of either of the hormones abolished 
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TABLE I. 
Coe 


Excretion in wEq/hr/100 g % of ingested 


iM No. of Titrable water excreted 
Condition of rats Sex rats ING acid at 240 min. 
Intact a 28 49,9 + 4.1 7.74 4: 55 107.7 + 5.6 

fe) 28 51.7 + 3.2 FS =EN5O 78.6 + 7.4 

Adrenalectomized A 21 20.5 + 1.5 2.52 +E .12 51.3 + 7.1 
Q 20 31.8 + 4.4 4.12 +-.36 (dis) a= o/c) 

Adrenalectomized & A 35 ZO = 6 Siol S.09 72.0 + 7.4 
gonadectomized fe) 39 28.2 + 1.6 3.64 + .12 86.6 + 8.5 


the difference in the excretion of ammonia be- 
tween the male and female animals. The ex- 
cretion of ammonia was approximately 27 
microequivalents per hour for both male and 
female rats after either progesterone or testos- 
terone. The excretion of titrable acid and the 
per cent of the ingested water excreted were 
approximately the same for male and female 
rats after hormone therapy and did not differ 
appreciably from what was observed in the 
gonadectomized - adrenalectomized animals 
not treated with hormones. 

Discussion. These data confirm the orig- 
inal observation of Pitts(1,2) that the kid- 
ney’s capacity to handle an acid load is de- 
pendent, in part, on the functional activity of 
the adrenal cortex. Apparently other endo- 
crine glands are also involved. The observa- 
tion that the adrenalectomized female rat is 
better able to handle an acid load than is an 
adrenalectomized male animal suggests a 
possible influence of the sex hormones on this 
functional capacity of the kidneys. Both the 
excretion of titrable acid and the excretion of 
ammonia were greater in adrenalectomized 
female than in adrenalectomized male ani- 
mals. 

When the female rats were gonadectomized 
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and adrenalectomized, they continued to ex- 
crete ammonia more readily than did the 
gonadectomized and adrenalectomized male 
rats. This persistent difference between males 
and females, after the removal of both the 
adrenals and the gonads, indicates that the 
ability of the kidney to handle ammonia is in- 
fluenced by factors other than the steroid 
hormones. Gonadectomy did tend to elim- 
inate the differences between the male and 
female adrenalectomized animals in the ex- 
cretion of titrable acid, suggesting that the 
over-all sex steroid effect is primarily on the 
ion exchange mechanism(2,3). Treatment of 
the adrenalectomized-gonadectomized _ rats 
with either progesterone or with testosterone 
tended to eliminate any difference in acid 
excretion between male and female animals. 
These two hormones were selected for study 
because of their structural similarity to each 
other and to desoxycorticosterone. The effects 
of progesterone and testosterone were similar, 
in spite of the fact that male and female 
adrenalectomized rats with intact gonads dif- 
fered significantly in their ability to excrete 
ammonia, acid, and water. Evidently the dif- 
ferences in acid excretion observed between 
male and female animals were not due to the 


TABLE II. Effect of Hormones on Exeretion of Acid by Adrenalectomized-Gonadectomized 
Rats. 


Exeretion in wEq/hr/100 g 


% of ingested 


No. of Titrable water excreted 

Therapy Sex rats NH, acid at 240 min. 
Progesterone 3 10 O75 dbo 301 Le 72 70.2+93 
Q ili 26.8 + 4.8 Slit SS 2h) 69.5 + 9.4 

Testosterone 3 9 25 (20-32) 3.1 (2.6-3.9) 78 (62-109) 
fe) 9 27 (25-29) 3.3 (8.0-3.6) 90 (74-108) 

None A 35 21.9 + 1.6 3.31 = .09 72.0 + 7.4 
fe) 39 28.2 + 1.6 3.64 + .12 86.6 + 8.5 
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unopposed effects of either steroid tested. 
Summary. Excretion of ammonia and of 
titrable acid after an acid load has been meas- 
ured in intact male and female rats and in 
male and female rats after adrenalectomy and 
after adrenalectomy plus gonadectomy. After 
adrenalectomy, female rats excreted signifi- 
cantly more ammonia and more titrable acid 
than did males. When both the adrenals and 
the gonads were removed, the females ex- 
creted more ammonia than did the males, but 
there was no significant difference in the ex- 
cretion of titrable acid between the males and 
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the females. The adrenalectomized-gonadec- 
tomized rats were treated with either proges- 
terone or testosterone and the capacity to 
handle an acid load measured. The excretion 
of both ammonia and titrable acid was ap- 
proximately the same for both males and fe- 
males after therapy with either hormone. 


1. Pitts, R. F., 4m. J. Med., 1950, v9, 356. 

2: , Adrenal Cortex, Trans. of 3rd Conf. 
Josiah Macy, Jr. Foundation, New York, p11, 1952. 

oy , Fed. Proc., 1948, v7, 418. 
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In vitro Activation of Cysteine Desulfhydrase by Rat Liver Microsomes.* 


(21664) 


RatpH M. JoHNSON, S. ALBERT, AND ANDREW REEVES. 
(Introduced by James M. Orten.) 


From Detroit Institute of Cancer Research and Wayne University College of Medicine, Detroit, Mich. 


During the course of studies on soluble liver 
proteins in which cysteine was employed as a 
protein stabilizer, information was needed re- 
garding the intracellular distribution of cys- 
teine desulfhydrase. Inasmuch as none was 
available, such a study was undertaken. The 
enzyme was found only in the cytoplasmic 
supernatant, but of perhaps greater interest 
was the observation that the microsome frac- 
tion possessed the ability to enhance its ac- 


tivity. This rather unique action by the 
microsomes prompted this report, even 


though the experiments are not being contin- 
ued beyond the point described herein. 
Experimental. Livers were obtained from 
healthy male rats of the Fischer strain, weigh- 
ing 250-300 g. The animals were anesthetized 
with ether, and the livers perfused in situ(1). 
They were then freed of connective tissue by 
passing them through a perforated lucite disc, 
and homogenized in 1 part (wt/vol) of 0.25 


* Supported by Grant No. C-1692R from the Na- 
tional Cancer Institute of the National Institutes of 
Health, Public Health Service, and by institutional 
grants to the Detroit Institute of Cancer Research 
from The American Cancer Society, the American 
Cancer Society Southeastern Michigan Division, and 
The Kresge Foundation. 


M sucrose containing 0.05 M phosphate buf- 
fered at pH 7.2 using a Potter-Elvehjem type 
homogenizer fitted with a rubber-coated steel 
pestle. This preparation constituted the 
whole homogenate enzyme source referred to 
later. A cytoplasmic supernatant preparation 
was obtained by centrifuging this homogenate 
for 4 hours at 23,000 x g (type SS-1 Serval 
centrifuge) or 1 hour at approximately 100,- 
000 x g (Spinco ultracentrifuge, Model E). 
The supernatant thus prepared was free of 
all particles down to and including those of 
the size range of microsomes. All operations 
were carried out at 1°-3° C. The above me- 
dium could not be used to prepare nuclei (N), 
mitochondria (Mt), or microsomes (Mc), 
since the phosphate buffer caused clumping of 
the cytoplasmic particles. These cellular 
fractions were obtained by employing unbuf- 
fered 0.25 M sucrose, according to the pro- 
cedure described elsewhere(2). All enzyme 
determinations were carried out in duplicate 
in standard Warburg flasks, using as enzyme 
1 g of tissue or the equivalent amount of par- 
ticulate or supernatant material. When mix- 
tures of the various cellular elements were 
employed, they were combined in the propor- 
tion in which they were obtained from the 
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liver. The outer compartment of the flasks 
contained 2.0 ml of the enzyme preparation 
buffered at pH 7.2, and 0.5 ml of 0.5 M cys- 
teine-HCl (freshly prepared). 0.5 ml of 1 M 
cadmium acetate was added to the center 
well, together with a piece of accordion-folded 
filter paper, and 0.2 ml of 12 N H»SO, was 
placed in the side arm. The flasks thus pre- 
pared were placed in a bath at 37°C for 5 
minutes, during which time they were flushed 
with nitrogen. The stopcocks were then 
closed and the mixtures incubated with shak- 
ing for 90 minutes. The contents of the side 
arms were then dumped into the main com- 
partments, and the flasks were left in the 
bath, with continued shaking, for an addi- 
tional 30 minutes. At the end of this time 
the contents of the center wells were trans- 
ferred quantitatively to flasks containing mea- 
sured amounts (10-20 ml) of 0.002 M I; to 
which had been added 1-2 ml of 6 N HCl. 
The excess Is was titrated to a starch end- 
point with 0.01 N NavS.O3. A blank sample 
that contained no enzymes was run simul- 
taneously, and the enzyme activity is reported 
as the difference in I, consumed between the 
experimental and the blank flask. 

Results. Each experiment employed a 
single liver. There was sometimes consider- 
able difference in the desulfhydrase activity 
between livers, and for this reason the results 
shown in Table I are taken from single ex- 
periments, but the comparisons within each 
protocol are each representative of data ob- 
tained from 3-8 experiments. 

The enzyme activity was found to reside 
almost entirely in the supernatant fraction. 
This agrees with the work of Kallio(3) who 
found a similar enzyme in a cell-free bacterial 
extract. Very little enzyme occurred in either 
the N, Mt, Mc, or unfractionated residue (N 
+ Mt +Mc) (Table I, Protocol A). Repeat- 
ed washings of the particulate fractions re- 
duced their activity, suggesting that the small 
amounts observed there were due to contam- 
ination by the supernatant. 

It was consistently observed that the whole 
homogenate possessed less activity than the 
supernatant fraction (Table I, Protocol A). 
An attempt to account for this apparent in- 
hibition, by measuring the enzyme in the 
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TABLE I. Cysteine Desulfhydrase of Rat Liver. 

Figures are ml of 0.01 N Na,S8.O; equivalent to the 

HLS liberated from cysteine by 1 g of liver, or its 
equivalent. See text for explanation. 


Enzyme Activity 
Protocol A 
Whole homogenate 3.13 
Cyt. supernatant 3.94 
Residue washed 1 saul 
Nuclei PA 08 
Mitochondria washed 1 < 15 
Microsomes i ie O04 
Protocol B 
Cyt. supernatant 2.37 
Idem +N 2.45 
e + Mt 2.20* 
+ Me 3.95 
Protocol C 
Cyt. supernatant 1,23 
Idem + .2 ce Me N32 
ee + 4c¢e ” 1.88 
ie + .6¢e ” 9.51 
Protocol D 


Whole homogenate 
Homogenate less Me 
Above, with Me added back 


Ww oo vo 
Ww wh 
© ww vw 


*This value is not a typical one. Little con- 
stancy was found when Mt were added back to the 
supernatant. It was not possible to state accurately 
whether there was an inhibition due to this frac- 
tion. 


presence of each of the particles isolated was 
not successful. Typical results are shown in 
Table I, Protocol B. It was found, however, 
that there was an increase in the activity of 
the supernatant in the presence of the Mc 
fraction. When the activity of the superna- 
tant was measured in the presence of different 
amounts of washed Mc, an increase was ob- 
served with increasing amounts of Mc (Table 
I, Protocol C), indicating the presence in the 
latter of an activator for cysteine desulfhy- 
drase. This is the first instance that has come 
to the attention of the authors wherein micro- 
somes and cytoplasmic supernatant copartici- 
pate in an enzyme catalyzed reaction. How- 
ever, two examples of coparticipation between 
mitochondria and microsomes have been re- 
ported (4,5). 

It was not possible, on the basis of these 
experiments, to demonstrate the presence of 
an inhibitor for cysteine desulfhydrase that 
could account for the difference in activity 
between the whole homogenate and the cyto- 
plasmic supernatant (Table I, Protocol A). 
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It appeared that the Mc fraction failed to ex- 
ert its activating effect under conditions in 
which the whole homogenate was employed, 
but was able to do so after it had been iso- 
lated and added back to the supernatant frac- 
tion. Additional experiments (Table I, Pro- 
tocol D) comparing whole homogenates with 
whole homogenates less the Mc fraction failed 
to bear out an activating effect due to the lat- 
ter, and furthermore, when the Mc fraction 
was added back to the homogenate less the 
Mc, there was no enhancement of the enzyme 
activity. 

These observations suggest a rather com- 
plex biochemical and physiological interrela- 
tion between the various cell elements when 
they are in their native or near native state, 
and further emphasize the need for caution in 
assessing biochemical roles to these entities on 
the basis of observations made in vitro. 

Summary. The cysteine desulfhydrase of 
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rat liver was found in the cytoplasmic super- 
natant but was not associated with either nu- 
clei, mitochondria, or microsomes. There was 
an increase in enzyme activity when the 
microsome fraction was added to the cyto- 
plasmic supernatant. This increase was 
greater as larger amounts of microsomes were 
added. No enhancement was observed when 
microsomes were added to a whole homoge- 
nate from which microsomes only had been 
removed, suggesting a complex interdepen- 
dence of the various cytoplasmic elements. 


1. Johnson, R. M., and Albert, S., Arch. Biochem. 
and Biophys., 1952, v35, 340. 

2. Albert, S., and Johnson, R. M., Cancer Res., 
1954, v14, 271. 

3. Kallio, Ri EJ. Brols Chem. Moola vlOg esi 

4. Siekevitz, P., zbid., 1952, v195, 549. 

5. Pressman, B. C., and Lardy, H. A., zbid., 1953, 
v197, 547. 
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Wound Healing Influenced by Thyroxine and Thyrotrophic Hormone. 


A Tensiometric Study.* 


Ertk MOoLrtkKe. 


(21665) 


(Introduced by G. Asboe-Hansen. ) 


From the Connective Tissue Research Laboratory, University Institute of Medical Anatomy, 


Copenhagen, Denmark. 


Wound healing under the influence of thy- 
roid hormone has been studied in several ways. 
Barclay, Cuthbertson and Isaacs(2) exam- 
ined the healing time of skin defects in rats 
and found that the wounds closed signifi- 
cantly faster in the group treated with dried 
thyroid than in the control group. Tauben- 
haus and Amromin(11) made_ histological 
studies of the connective tissue in turpentine 
abscesses in rats injected with thyroxine and 
concluded that thyroxine stimulated the 
formation of granulation tissue in thyroidec- 
tomized rats which exhibited pathological 
granulations owing to an accumulation of 
amorphous myxoedematous intercellular sub- 


* Aided by grants from Reinholdt W. Jorcks og 
Hustrus Fond, Rigsforeningen til Bekampelse af de 
rheumatiske Sygdomme, and Statens almindelige 
Videnskabsfond. 


stance. In intact rats, thyroxine did not alter 
the appearance of the granulation tissue. 
Smelser and Ozanics(10) found that thyroid 
deficiency did not affect epithelization or cell 
division following superficial corneal burns in 
rats, while excess thyroid hormone tended to 
inhibit the processes of repair. 

The present work was started in order to 
evaluate the quality of wound tissue, not 
merely from the microscopic, but also from 
the functional point of view. It was endeav- 
oured to investigate the tensile strength of 
healing wounds influenced by the thyroid hor- 
mone as well as by the thyroid stimulating 
hormone of the hypophysis. To this end, the 


author used thyroidectomized and_ intact 
guinea pigs. 

Methods. For the measurements the 
Sandblom - Petersen tensiometer(9) was 
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FIG. 1-6. Figures show effect of thyroxin and thyrotrophie hormone on tensile strength of 
healing wounds in guines pigs. 


chosen, partly because it is a most reliable in- better quantitative evaluation of the tensile 
strument and partly because it permits meas- strength of a wound is obtained than by other 
urements in living animals. As a result, a methods described (4,6), and most of the in- 
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accuracies involved by measuring excised 
wound tissue are obviated. A total of 121 
guinea pigs, ranging in weight from about 225 
to 350 g, were included in the experiments. 
All were kept on the same diet and all were 
apparently in good health. Two test wounds 
were made on the backs of al) the animals, 
always at the same distance from the midline. 
The wounds were closed immediately with 
continuous split nylon. No precautions were 
taken to secure asepsis, and the wounds were 
left uncovered. Out of the 121 guinea pigs 52 
were thyroidectomized, whereas the remain- 
ing 69 served as controls. The removed 
glands were controlled microscopically. All 
operations—test wounding as well as thyroid- 
ectomies—were performed under ether anes- 
thesia. The wound healing experiments were 
not started until the animals had begun gain- 
ing weight (as a rule 10-14 days after the op- 
eration). The 2 groups (thyroidectomized and 
intact guinea pigs) were divided into 3 sub- 
groups: The first sub-group received thy- 
roxine 0.5 mg daily, the second thyrotrophic 
hormone 0.67 U.S.P. daily,# while the 
third remained untreated. These sub-groups 
numbered 13, 23 and 16 respectively of the 
thyroidectomized and 19, 27 and 23 of the 
intact group. The hormones were injected 
intraperitoneally, the first injection being 
given immediately after the wound was made. 
The tensile strength of the wounds was de- 
termined im vivo in five different sites of each 
animal under ether anesthesia 3-9 days after 
the wounds were made. Immediately after 
the measurements, the animals were killed. 
Measurements were performed % cm from 
the end of a wound or from an adjacent meas- 
urement. 

Results. Fig. 1-6 give the results of the 
tensiometric determinations for all the ani- 
mals. Only the highest value for each animal 
is recorded. 

The tensile strength of the wounds in the 
untreated thyroidectomized guinea pigs was 


t Thyroxine was generously supplied by Hoffmann 
La Roche, Basle, Switzerland, by the courtesy of 
Mr. K. Salomonsen. 

+ Thyrotrophic hormone was generously supplied 
by Parke, Davis & Co., Mich., under the name 50 P 4, 
which is declared to contain 2 U.S.P. in 1 mg. 
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FIG. 7. Regression lines of all 6 groups. Numbers 


refer to the respective figures. 


equal to that in the intact ones (Fig. 1-2). 

Thyroxine, in the doses administered, ex- 
erted a definitely inhibitory effect on wound 
healing. This inhibition was evident in the 
thyroidectomized as well as in the intact 
group (Fig. 3-4). 

Thyrotrophic hormone inhibited wound 
healing in the intact group, leaving the heal- 
ing unchanged in the thyroidectomized group 
(Fig. 5-6). 

By means of a regression analysisS it has 
been shown that the regression function be- 
tween the time (3 to 9 days) and the tensile 
strength is a linear one in all 6 groups. Fur- 
thermore, the regression coefficient is signifi- 
cantly different from 0 in all groups. This 
shows that healing has not been stopped en- 
tirely, only retarded. 

The regression lines form 2 characteristic 
groups (Fig. 7). The differences between the 
slopes and the means of the regression func- 
tions of 1:2 and 2:6 in the one group and 
3:4 and 3:5 in the other are very small and 
not significant. On the other hand, there is 
a significant difference between the slopes of 
1:3, 1:5 and 2:4, 4:6 and 5:6 respectively. 

Discussion. It is clearly apparent that thy- 
roxine reduces the tensile strength of healing 


§ Mr. Henry M. Hamtoft performed the statistical 
analysis which is gratefully acknowledged. 


Wounp HEALING. THYROXINE AND THYROTROPHINE 


wounds. The dose, 0.5 mg daily, consider- 
ably exceeds what is considered the physio- 
logical requirement(5), but it is not so high 
as to prevent healing entirely (Fig. 3-4). 
Furthermore, it is the same dose as that used 
by Taubenhaus and Amromin who found a 
stimulating effect on the formation of granu- 
lation tissue. 

The inhibitory effect of thyrotrophic hor- 
mone in non-thyroidectomized animals (Fig. 
5) is not due to a direct action upon the tis- 
sues, but is no doubt mediated by thyroid 
stimulation. And indeed, the thyrotrophic 
hormone apparently does not inhibit wound 
healing in thyroidectomized animals (Fig. 6). 

Wounds of thyroidectomized animals ap- 
pear to heal as in intact animals, at least as 
far as tensile strength is concerned. Although 
the cells of the wound tissue may be separated 
by a larger amount of intercellular substance 
than usual(11), this cannot be interpreted as 
direct evidence of poor wound healing. The 
strength of a wound depends primarily on the 
quantity and quality of its collagenous fibrils. 
The mechanism of their formation is not 
understood. According to recent investiga- 
tions and theories, the presence of mucopoly- 
saccharides seems to be necessary for the 
formation of collagen(3,7,8). These muco- 
polysaccharides are present in more or less 
ample quantities in hypo- and euthyroid con- 
ditions, but subside during the administration 
of thyroxine(1). 

Summary. Studies on the tensile strength 
of healing wounds in guinea pigs under the 
influence of thyroxine and thyrotrophic hor- 
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mone are reported. With the Sandblom- 
Petersen tensiometer the tensile strength of 
the wounds could be measured in living ani- 
mals. (1) The wounds of thyroidectomized 
guinea pigs possess the same tensile strength 
as those of intact controls. (2) Thyroxine 
inhibits wound healing in intact as well as in 
thyroidectomized guinea pigs. (3) Thyrotro- 
phic hormone inhibits wound healing only in 
intact guinea pigs, whereas it does not appear 
to alter the normal course of healing in thy- 
roidectomized guinea pigs. 
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Effect of Parathyroid Extract and Phosphate Salts on Renal Calcium and 


Phosphate Excretion after Parathyroidectomy.* 


(21666) 


Roy V. Tatmacg, F. W. Kratntz, AND G. D. BUCHANAN. 


From the Biology Department, The Rice Institute, Houston, Texas. 


Recent research on parathyroid function 
has tended to emphasize the extrarenal func- 
tion of the hormone. Grollman(1) has shown 
that hypercalcemia can be produced by para- 
thyroid extract administration in the nephrec- 
tomized dog. Handler et al.(2,3) have re- 
ported differences in the physiological re- 
sponse of dogs to extracts which were injected 
intravenously and subcutaneously. Kenny 
et al.(4) have shown discrepancies in the ra- 
tios of calcium-raising activity to phospha- 
turic activity of different parathyroid ex- 
tracts. Stewart and Bowen(5) have suggest- 
ed that the phosphaturic activity of the ex- 
tract may be an artefact resulting from the 
extraction procedures. Buchanan(6) has re- 
ported that commercially available extracts 
may contain 2 renal phosphate factors only 
one of which seems attributable to the para- 
thyroids. While de-emphasizing renal phos- 
phate excretion as the primary means by 
which the parathyroids influence calcium and 
phosphate metabolism, this laboratory does 
maintain that, at least in the rat, the parathy- 
roids do directly influence the renal excretion 
of both calcium and phosphate(7-9). This 
influence is in addition to the effect produced 
on the mobilization of these two ions from 
bone(7). Concerning the parathyroid control 
of renal function, a recent report(9) has 
shown immediate but opposite effects on cal- 
cium and phosphate excretion following para- 
thyroidectomy in the rat. However, within 
24 hrs post-operatively, the renal excretion of 
both of these ions returns to within the nor- 
mal range. 

The following studies are an elaboration of 
the work reported above(9). They are con- 
cerned with the effects of small doses of para- 
thyroid extract or phosphate salt on the syn- 
drome seen during the first 24 hours after 
parathyroidectomy in the rat. The results in- 


* Aided in part by a grant from the Atomic Energy 
Commission. 


dicate that the renal function of the parathy- 
roid hormone is to aid in maintaining normal 
serum levels of calcium and phosphate by 
controlling the renal thresholds for these 2 
ions, and is not concerned with actively rid- 
ding the body of either of these 2 ions. 

Materials and methods. The 140 male 
Sprague-Dawley rats used were maintained at 
least 10 days prior to use on a standard pur- 
ina diet. All animals used weighed between 
175 and 250 g, but for any one experiment, 
the weight range was restricted to 40 g. The 
parathyroids were removed individually under 
ether anesthesia. Urine collections were be- 
gun at the postoperative times indicated in 
the individual experiments. The radioisotope, 
P®?, was injected intraperitoneally and the 
test substances (parathyroid extract? or Nae 
HPO,) given subcutaneously. To insure an 
adequate urine flow, 5 ml of distilled water 
were given each animal by stomach tube, at 
the start of each collection period. Sham op- 
erations were not done since previous studies 
(8,9) had shown that sham operated animals 
responded identically to their normal controls. 
The amount of radiophosphorus injected var- 
ied from 3 to 5 uc, but was kept constant for 
each experiment which included a minimum of 
4 normal control rats. Radioactivity was 
measured by standard procedures using a G. 
M. Counter. Correlation between various ex- 
periments was obtained by adjusting the ra- 
dioactivity excreted by normal controls in 
each collection period to a value of 1000 and 
correcting experimental values to this stand- 
ard. Total phosphorus values were obtained 
by the method of LePage(10), and calcium 
values by the method of Clark and Collip 
(11). Because of the individuality of the dif- 
ferent series of experiments, detailed proced- 
ures for the different experiments are included 
with experimental results. 

Results. The data presented are experi- 


t Lilly’s Parathyroid Extract. 
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mental attempts to hasten the progressive 
changes in calcium and phosphate excretion 
which follow parathyroidectomy by the injec- 
tion of phosphate and small doses of parathy- 
roid extract. The work is reported in 3 series 
of experiments given below. 

A. Comparison of the effects of hourly in- 
jections of phosphate on normal and parathy- 
roidectomized rats. All rats were given radio- 
phosphorus and the initial dose of water one 
hr after parathyroidectomy. At this time, 
one group of normals and one group of oper- 
ated rats received the first of 7 hourly injec- 
tions of 1.5 mg phosphorus as Na2HPQ. 
Eight 3-hour urine collections were made, 
after which blood was obtained for analysis. 
The data are presented in Table I. As the 
result of parathyroidectomy, phosphate excre- 
tion was minimal in the first collection period 
and remained uniformly low until about the 
16th hr when a return to a normal excretion 
rate occurred. Individually, this return oc- 
curred rapidly though the time of its occur- 
rence varied from the 9th to the 18th hour. 
For the duration of the experiment, phosphate 
excretion was variable but statistically within 
the normal range, in spite of a continuing high 
serum phosphate level. Urinary calcium 
which was elevated immediately after para- 
thyroid removal declined gradually thereafter, 
returning to a rate similar to the normal con- 
trols at about the same time as did phosphate 
excretion. Hourly injections of phosphate 
salts to normal animals caused an immediate 
increase in phosphate excretion. Following 
cessation of phosphate administration, excre- 
tion gradually returned to normal. In marked 
contrast, similar phosphate administration to 
parathyroidectomized animals did not pro- 
duce the immediate increase in phosphate ex- 
cretion. Instead, renal excretion remained 
low for from 5 to 8 hrs. The time at which 
phosphate excretion increased was variable 
for the individual animals and followed a pat- 
tern similar to that of non-injected parathy- 
roidectomized controls, though occurring from 
8 to 10 hours earlier. Once the phosphate ex- 
cretion increased, the new rate was main- 
tained for the remainder of the experimental 
period. Phosphate injection had little if any 
effect on calcium excretion. 


PARATHYROIDS AND RENAL EXCRETION 


2000 


1500 


1000 


TOTAL RADIOACTIVITY EXCRETED 


500 = 
= 
i 
re) 
= 

x ABCDEF ABCDEF 

4-6 6-8 
HOURS AFTER PARATHYROIDECTOMY 
FIG. 1. Effect of hourly injections of phosphate 


on phosphorus” excretion following parathyroid- 
ectomy. 
For comparative purposes radioactivity excreted 
by control animals was set at 1000, and experi- 
mental values adjusted to these standards. PTX = 
parathyroidectomized. All groups include 4 or 
more animals. 


B. Effect of dosage of phosphate on time 
of increase in phosphate excretion following 
parathyroidectomy. To test further the ef- 
fects of phosphate administration on post- 
parathyroidectomy changes in phosphate ex- 
cretion, hourly doses of from 1 to 3 mg P as 
Na2HPO, were given commencing at para- 
thyroidectomy. Three two-hour urine collec- 
tions were made from the 2nd to 8th hours. 
The results are shown in Fig. 1. Increasing 
the amount of injected phosphate shortened 
the interval preceding the reversal of phos- 
phate excretion toward normal values. A 
dose of 3 mg P/hr prevented any marked fall 
in excretion and this dose as well as 2 mg 
P/hr produced supranormal excretory rates 
by the end of the experimental period. 
Terminal serum values in these experiments 
as well as in the experiments in Table I indi- 
cated that the reversal of phosphate excretion 
occurred when serum phosphate reached a 
value of 12-14 mg %. 


C. Effect of parathyroid extract on excre- 
tion rates. For these experiments, the ani- 
mals were given radiophosphorus and the ini- 
tial water dose one hour after parathyroidec- 
tomy. After a control 2 hour urine collection 
period, hourly injections of parathyroid ex- 
tract (diluted from stock with acetate buffer 
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at pH 3.7) were begun. The data are sum- 
marized in Table II. Parathyroid extract 
given during the period of minimal phosphate 
excretion did not produce an immediate 
change in phosphate excretion. However a 
premature and sudden return toward a normal 
excretion rate was seen 8 hours after com- 
mencement of injection of 0.5 i. u. and 6 hours 
after commencement of 1.0 i-u. of parathyroid 
extract. Urine calcium excretion followed the 
same pattern, though the changes were seen 
earlier. Excretion of calcium was normal by 
the 6th hour of injections of 0.5 i. u. and the 
4th hour in the case of injections of 1.0 i. u. 
In a similar series of experiments, injections 
of parathyroid extract were started after ex- 
cretory rates had returned to normal (24 hours 
post-operatively). These produced no change 
in calcium excretion and only immediate and 
small changes in phosphate excretion. In both 
series of experiments however, there was a 
significant effect.on serum values, both cal- 
cium and phosphate returning toward normal 
values. 

Discussion. ‘The virtual cessation of phos- 
phate excretion in spite of a rising phospha- 
temia which accompanies parathyroidectomy 
in the rat suggests an alteration in the renal 
mechanism for excretion of this ion. The 
spontaneous return of normal excretory rates 
in the face of mounting hypoparathyroidism 
appears to occur when the serum level has 
been adjusted to the altered mechanism and 
is not a return to preoperative conditions. In- 
jections of phosphate ions do not produce an 
immediate response in parathyroprivic ani- 
mals as is the case in normal animals. These 
injections do, however, shorten the period of 
hypoexcretion. Further, when injections are 
stopped the parathyroidectomized animal 
does not revert to the preinjection excretion 
rate as does the normal. Small doses of para- 
thyroid extract likewise shorten the period of 
hypoexcretion without producing any immedi- 
ate response. In this case the return to nor- 
mal excretory rates occurs with serum phos- 
phate values only slightly elevated. 

In the normal animal, parathyroid hormone 
appears to aid in controlling the renal thresh- 
old for phosphate excretion, thereby main- 
taining a normal serum phosphate value. Loss 
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of the hormone alters the kidney mechanism 
so that essentially no phosphate is excreted 
until the serum level reaches, or surpasses 13 
mg %. Phosphate salt, by hastening the rise 
of serum phosphate, shortens the interval of 
low phosphate excretion. Minute injections 
of parathyroid extract, however, tend to re- 
turn the renal excretory mechanism toward 
normal, resulting in an early return to pre- 
operative excretion rates, or if the dose is 
large enough, to excretion rates above normal. 

The sudden increase in calcium excretion 
which follows parathyroidectomy, seems also 
to result from a change in the kidney’s hand- 
ling of the ion since there is no increase in the 
serum level of calcium. The hypercalcuria 
declines as serum calcium falls, but is a re- 
flection of the falling serum level and not the 
cause since serum calcium also falls in para- 
thyroidectomized - nephrectomized animals 
(12). Parathyroid extract produces a return 
to normal excretory rates considerably in ad- 
vance of the recovery of phosphate excretion. 
Renal calcium excretion is such that normally 
a serum level of approx. 11 mg % is main- 
tained, but in the parathyroidectomized rat 
the renal mechanism appears to allow a fall 
to between 6 and 7 mg %. ‘Thus excretion is 
supranormal following parathyroid removal 
until this level is reached, at which time 
equilibration occurs. 

Summary. Changes in renal phosphate and 
calcium excretion in the 24 hours following 
parathyroidectomy in the rat have been 
studied. Parathyroidectomy alters renal con- 
trol of phosphate excretion so that little phos- 
phate is excreted until serum phosphate is in- 
creased to about 13 mg %. Excretion in- 
creases suddenly about 16 hours postopera- 
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tively in untreated rats but occurs sooner if 
phosphate ions are injected to hasten the rise 
in serum phosphate. Parathyroid extract 
hastens return toward normal excretion rates 
by altering the renal mechanism for excretion 
toward the normal state. Calcium excretion 
increases considerably at parathyroidectomy 
but declines as the serum level falls and re- 
turns to a normal rate at about the same time 
as does phosphate excretion in the untreated 
animal (16 hr). This also appears to be due 
to changes in the renal excretory mechanism. 
By its effect on this mechanism, parathyroid 
extract hastens the return of calcium excretion 
to within normal limits, this occurring at 
higher serum calcium levels. 
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Estimation of Total Hexosamines in Mammalian Tissues. 


G. Propt. 


(21667) 


(Introduced by Giovanni Favilli.) 


From the Institute of General Pathology, University of Bologna, Italy. 


The difficulty of obtaining exact indications 
of the content of complex carbohydrates in tis- 
sues is well known. Histochemical methods 
from a quantitative viewpoint are not reliable, 
since they supply only approximate compari- 
sons. Even the most appropriate chemical 
methods are difficult to apply. It is therefore 
preferable to estimate complex carbohydrates 
through the quantitative determination of a 
product derived from their hydrolysis. We 
thought that a good estimation of tissue mu- 
copolysaccharides could be obtained by re- 
ferring to the hexosamines liberated by acid 
hydrolysis. 

The literature contains few reports on the 
asay of hexosamines in tissues (Kawabe(1) ; 
Watanabe(2); Faber(3); Consden, Glynn 
and Stanier(4); and others.) The method 
employed for estimation of hexosamine is 
based on that described by Elson and Morgan 
(5). The interference by other substances 
has been discussed by Elson and Morgan(5) ; 
Boyer and Furth(6); Nilsson(7); Palmer, 
Smith and Meyer(8); Bendich, Kabat and 
Bezer(9); Blix(10); Immers and Vasseur 
(11); Horowitz, Ikowa and Fling(12); Johns 
and Marrack(13). Our  observations(14) 
lead us to think that strong interference must 
occur when Elson and Morgan reaction is 
used for urines, and that considerable inter- 
ference may also occur when the same method 
is used for tissues. We therefore employed 
the reaction of Cessi(15) modified by Benassi 
and Prodi(16) which is based on an analyti- 
cal study made by Schloss(17) on the reac- 
tion of Elson and Morgan. The reaction pro- 
posed by us is based on determination of vola- 
tile chromogen compounds formed during the 
first stage of the Elson and Morgan reaction 
and which are, according to Schloss, in con- 
stant relation to the total chromogens react- 
ing with dimethylparaminobenzaldehyde. By 
this method interference possibilities are 
greatly reduced, and the effect which the 
brown colour of hydrolyzed tissues exercises 
on adsorption is eliminated. 


Material and methods. Estimations were 
carried out on lung, kidney, spleen and liver 
of rats, rabbits and guinea pigs. The rats 
weighed approximately 120 g, rabbits 1500 g, 
guinea pigs 400 g; all animals were of the 
same breed and approximately the same age. 
After sacrificing the animal, its organs (lung, 
kidney, spleen and liver) were removed and 
kept in acetone for 4 days; they were then 
dried for 3 days at 60°, ground in mortar and 
placed in a desiccator. 100 mg of each organ 
were placed into hydrolysis tubes, 5 ml of 
HCl 4N were added, and tubes kept in boiling 
water-bath 8 hours. The optimum values of 
the yields relative to hydrolysis time and acid 
concentration have been previously deter- 
mined: data are reported on presence of 
hexosamines in the dermis and subcutaneous 
connective tissue of the rat (Benassi and 
Prodi(16)). Subsequently the fluid was 
brought up to 10 ml with distilled water and 
filtered. One ml placed in test tube and neu- 
tralized, then 5.5 ml of a solution of acetylace- 
tone in Na-carbonate-hydrochloric acid (pH 
9.8) were added, following Schloss. Test tube 
was closed with dry glass stopper, kept in 
boiling water-bath for 20 minutes and cooled 
in running water. The contents were trans- 
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TABLE I. Average Content of Hexosamines in 
Organs of Normal Animals (in 7/100 mg of Dry 

Tissue). 

Lung Kidney Spleen Liver 
Rats 6* 1010 1216 613 436 
ae Wil + 66 + 48 = 29 
Rabbits 6 1050 1106 645 408 
+150 + 94 He Bidh ga 
Guinea 8 898 1065 803 405 
pigs + 72 +145 +176 + 86 


* No. of animals. 


ferred to a safety bulb(a) for Kjeldahl diges- 
tion. The latter was subsequently connected 
to tubes of the distillation apparatus (Fig. 1), 
pinch-cock A was closed, pinch-cock B opened, 
while ethanol was kept boiling in flask £. 
The bulb was set over a Bunsen burner. 
When in volumetric test tube y (with 0.5 ml 
dimethylparaminobenzaldehyde solution ac- 
cording to Schloss) the distilled fluid from the 
bulb with its content in volatile chromogens 
had reached the 1.5 ml mark, pinch-cock A 
was opened, pinch-cock B was closed and the 
ethanol vapors allowed into the bulb. When 
the fluid of the volumetric test tube had 
reached the 5 ml mark, the test tube itself 
was removed and distillation stopped. The 
volumetric test tube was kept closed for 4 
hours in water-bath at 31°C. The dye inten- 
sity was determined by means of Leitz photo- 
electric photometer with filter equal to 535 
mp. Standards were obtained by means of 
increasing glucosamine chloride concentra- 


tions. On each sample 3 reactions were per- 
formed. 
Results. The table shows the hexosamine 


content (expressed in y) of 100 mg dry tissue. 

The highest values of amino sugars were 
found in kidney and in lung. Hexosamine 
content of kidney varies from an average of 
1065 y in the guinea pig to 1216 y in the rat; 
im the lung, values are not much lower, aver- 
aging 898 y in the guinea pig and 1050 y in 
the rabbit. Hexosamine values are very low 
in the liver (slightly above 400 y in the rat, 
guinea pig and rabbit). Amino sugar values 
in the spleen stand between the lung and liver 
ones (average 613 y in the rat, 803 y in the 
guinea pig). 


EsTIMATION OF ToTAL HEXOSAMINES 


In interpreting the results, one must stress 
the impossibility of stating exactly which 
fraction of complex compounds the hexosa- 
mines should be referred to, and what is the 
amount of free hexosamines eventually pres- 
ent. Nor is it possible to determine the hex- 
osamine amounts which may be present in 
each constituent of the examined organs: 
stroma, parenchyma, blood content. In re- 
cent investigations (Baggi, Bottiglioni and 
Prodi(18)) we found notable amounts of 
hexosamines in the lymph, where they are 
mostly bound to glycoprotein compounds. It 
is therefore reasonable to think that an ali- 
quot of the hexosamines observed in the or- 
gans is to be referred to the intercellular fluid. 

Summary. A quantitative estimation of 
hexosamines present in normal organs (lung, 
spleen, kidney and liver) of rats, rabbits and 
guinea pigs is reported. 
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Transmission of Eastern Equine Encephalomyelitis in Ring-Necked 


Pheasants.* 


PRESTON HOLpDEN.t 


(21668) 


(Introduced by W. McD. Hammon.) 


From the Department of Epidemiology and Microbiology, Graduate School of Public Health, 
University of Pittsburgh, Pa. 


Certain characteristics of eastern equine 
encephalomyelitis (EEE) epizootics in com- 
mercially reared  ring-necked pheasants 
(Phasianus colchicus torquatus) in New Jer- 
sey, as described in a series of papers by 
Beaudette, et al.(1-5) and as observed in 
1953(6), are inconsistent with the widely ac- 
cepted hypothesis that mosquito vectors pro- 
vide the only important means of transmit- 
ting the infection from bird to bird. These 
characteristics are summarized as follows: 
(a) while most EEE outbreaks begin in Aug- 
ust or September, a few continue into Octo- 
ber, and November, considerably later in the 
season than the period of apparent mosquito 
activity in New Jersey, and (b) attack rates 
as high as 95% may be observed among birds 
in individual pens while birds of approxi- 
mately the same age in contiguous enclosures, 
separated only by coarse chicken wire, may 
escape disease until weeks later or perhaps 
altogether. 

There are no published accounts of at- 
tempts to transmit EEE virus in birds except 
through parenteral inoculation by means of 
mosquito or syringe. This is a report on pre- 
liminary studies bearing on the possibility of 
direct contact transmission of the agent 
among ring-necked pheasants. 

Materials and methods. Three to 4 week 


* Portions of these and related studies provided the 
basis for a thesis submitted by the author to the 
Graduate School of Public Health of the University 
of Pittsburgh in partial fulfillment of the require- 
ments for the degree of Doctor of Public Health. 
These investigations were sponsored jointly by the 
Communicable Disease Center, Public Health Service, 
U. S. Department of Health, Education and Welfare; 
the New Jersey State Department of Health; the 
Graduate School of Public Health, University of 
Pittsburgh; and the Commission on Virus and Rick- 
ettsial Diseases, Armed Forces Epidemiological Board. 

+ Communicable Disease Center, Public Health 
Service, U. S. Department of Health, Education and 
Welfare, Atlanta, Ga. 


old Swiss CFW mice, inoculated by the intra- 
cerebral route, were used in all virus isolation, 
infectivity and neutralization tests. Unless 
otherwise noted, experimental pheasants 
were all females hatched in the early summer 
of 1953 and were between 6 and 10 months of 
age when used. Pre- and post-inoculation 
plasma specimens were obtained from each 
bird and stored at —20°C until tested simul- 
taneously for the presence of neutralizing 
antibodies. Two strains of EEE virus were 
used to inoculate test pheasants. The New 
Gretna E,M» strain, used as a second passage 
mouse brain stock, was isolated by Beaudette 
and Hudson(3) from a naturally infected 
pheasant. The NJ 1003 strain was prepared 
as a 10% suspension of brain material har- 
vested from a sick pheasant in New Jersey in 
1953(6). A standard strain of EEE virus was 
used in all plasma neutralization tests. The 
strain used was originally isolated from an 
equine case by Ten Broeck and Merrill(7) 
and was later sent by Dr. Ten Broeck to Miss 
Beatrice Howitt who subsequently gave it to 
Dr. W. McD. Hammon. It has received an 
unknown number of guinea pig and mouse 
passages in the 3 laboratories. Specimens for 
virus isolation were obtained from experi- 
mental pheasants from one to 5 days follow- 
ing the date of exposure. Heparinized blood 
was obtained from the external jugular vein. 
Cloacal excrement was eluted from cotton 
swabs or collected from paper placed on the 
cage floor, triturated in a chilled mortar with 
alundum and a 334% serum diluent contain- 
ing penicillin and streptomycin in final con- 
centration of 600 to 1,000 units/ml and 600 
to 1,000 ug/ml, respectively, and centrifuged 
at 18,000 rpm for 30 minutes at 5°C. Oral 
secretions were eluted from cotton swabs or 
flushed from an aspirator, diluted with the 
serum-antibiotic mixture, and inoculated im- 


t+ Generously provided for this purpose by the 
Pennsylvania Game Commission. 
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TABLE I. Results of Neutralization and Infectivity Tests on Plasma and Blood Specimens 
from Pheasants following Oral or Subeutaneous Exposure to Mouse Brain Suspensions of EER 


Virus. 
oO es eee ee 
eee 


Mouse LD;, whole blood t ———, 


Nes INR 
Pre-inoe. Post-inoe. 
Bird No. plasma plasma 

Inoculated subeut. 

912 2 dead 

922 1 4 

947 i ? 
Exposed orally 

920 2 > 3,150 

930 <aill a 

938 <1 


* N.I. = Neutralization index. 


17 hr 41 hr 65 hr 89 hr 113 hr 
Nass dead 

Et 2.5 1.8 N.D N.D 
2.0 3.8f dead 

4.5 fat N.D N.D N.D 
5.0 1.8 pe iy 
3.2 1.8 N.D : 3 


+ Expressed as reciprocal logarithm of calculated dilution. 
t Brains from sick mice were harvested and the agent obtained was identified as EEE virus 


by neutralization tests. 
N.D. = Virus not detectable. 


mediately. Groups of 6 to 10 mice were in- 
oculated in qualitative tests for the presence 
of virus in cloacal excrement and oral swab 
specimens. Whole blood or aspirated oral se- 
cretions were diluted in 0.2% bovine albumin 
broth for quantitative mouse infectivity tests. 
LD; endpoints were computed by the method 
of Reed and Muench(8), and are hereinafter 
expressed as the reciprocal logarithm of the 
calculated dilution. In neutralization tests 
for detecting antibody in plasma or for iden- 
tifying viruses, constant quantities of serum 
were mixed with 10-fold serial dilutions of 
virus and the mixtures incubated in a water 
bath at 37°C for 2 hours. Neutralization in- 
dices were computed by standard methods 
(9). 

Results. Attempts to infect pheasants by 
oral exposure or subcutaneous inoculation. 
Three pheasants were each exposed by drop- 
ping 0.2 ml amounts of a 107° dilution of the 
New Gretna E,Mz strain into the posterior 
oral cavity. Three others were inoculated 
subcutaneously with 0.2 ml of a 10~* dilution. 
The mouse LD5o titer of the virus pool was 
8.5. The results of tests on specimens ob- 
tained from each bird before and after inocu- 
lation are given in Table I. LDs5o titers from 
1.5 to 5.0 were obtained in mouse infectivity 
tests on whole blood specimens taken at 17 
and 41 hours from all birds in both groups. 
Two of the 4 surviving birds still had viremia 
of low titer at 65 hours, none at 89 or 113 
hours. Virus was not recovered from cloacal 


swab specimens obtained from each bird at 
the time of the first 4 bleedings. 

Nine pheasants were exposed by oral in- 
stillation of the NJ 1003 strain. The inocula 
consisted of 0.2 ml amounts of serial 10-fold 
dilutions from 10° to 10%. The results of 
later tests indicated that only one bird was 
infected. This bird received the 10° dilu- 
tion; 7.e., the equivalent of 165 mouse LD5» 
doses. 

Recovery of EEE virus from pheasant tis- 
sues and secretions. The studies described 
thus far had demonstrated that pheasants 
could occasionally be infected by oral instil- 
lation of brain suspensions containing EEE 
virus. An attempt was then made to test 
other substances that might serve as vehicles 
for transfering the infection from bird to bird 
under natural circumstances. For this pur- 
pose, susceptible pheasants were exposed with 
infective, heparinized whole blood and at sub- 
sequent intervals of 19 to 28 hours, their 
oral secretions, cloacal droppings and blood 
were tested for the presence of virus. The 
blood used for exposing the test birds was a 
pooled sample obtained from 2 pheasants 20 
hours following inoculation with the New 
Gretna E,Mz strain. Each of 4 birds received 
0.2 ml of a 10? dilution dropped into the oral 
cavity. Each of 4 others received a similar 
inoculum by the subcutaneous route. The 
mouse LD; o titer of the infective blood was 
5.0. The results of subsequent tests on speci- 
mens obtained from the experimental birds 
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TABLE II. Results of Infectivity Tests on Blood and Oral Secretions from Pheasants Pre- 
viously Exposed per os or Subcutaneously with Blood from Pheasants Infected with EEE Virus. 
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N.1., pre- N.I., post- 


Test Post-inoculation blood, LD,, Oral secretions, mortality ratio exposure exposure 
pheasants 19hr 43hr 67hr 93hr 19hr 43hr 67hr 93hr 121hr plasma plasma 
Exposed per os P ibe; 

924 ile 4.0 2.5 neg 0/5 38/dt 1/5 0/5 1/5 iE 200 

925 neg. neg. neg. i O75 0/oe y/o 0/5 1/5 il 1 

926 a % : lgeez 0/5 0/5 0/5 1/5t 0/5 <<ell 415 

927 g f a dead 0/5 0/75 275° dead. — <i _- 
Exposed subeut. 

931 4.5 Ste) <EgS aaeyey 0/5 5/5* 5/5* 1/5 1/5 2 1,000 
932 3.8 2.8 2.3 Cow US OF ea 2 1 1 dead 
933 4.5 0 ae a 0/5) 2/ot 575 l/s 5/5t il 570 
934 4.5 3.0 2.0 dead 0/5 3/5 5/5 dead — << — 


* Successful passage of suspensions prepared from brains harvested from sick mice, further 


identification not attempted. 


+ Unsuccessful attempt to passage suspensions of brains harvested from sick mice. 
¢ Successful passage of suspensions prepared from brains harvested from sick mice. Pas- 
sage stock was identified as EEE virus by neutralization tests. 


are given in Table II. Virus was demonstrated 
in blood specimens obtained on the first to the 
third day from each of the 4 birds inoculated 
by the subcutaneous route and from one of 
the 4 exposed by the oral route. Oral secre- 
tions from these 5 birds were infective on the 
second to fifth days. In selected instances, 
the presence of virus in oral secretions was 
confirmed by successful mouse passage. Four 
mouse passage stocks originating from oral 
secretions were identified as EEE virus by 
neutralization tests. Virus was not recovered 
from any of the cloacal specimens. Rises in 
neutralizing antibodies were demonstrated in 
the 3 surviving birds from which virus was 
isolated and in one of the 3 orally exposed 
birds not otherwise shown to be infected. 


Quantitative tests were made on pooled oral 
secretions obtained from 2 pheasants at 42 
and 64 hours following subcutaneous inocula- 
tion with the New Gretna E,Mbz strain. The 
mouse LD;, titers of these specimens were 
3.7 and 1.8, respectively. 


Experimentally induced EEE epizootics 
among pheasants in the absence of mosqui- 
toes. On July 17, 1954, a flock of 22 eight 
week old pheasants’ equally divided as to sex, 
was placed in each of 2 outside pens provid- 
ing 10’ x 10’ ground area per pen. At the 
same time, flocks of 20 to 22 seven and eight 


§ Generously provided for this purpose by Mr. 
John Madara, Manager, South River Game Farm, 
Mays Landing, N. J. 


week old pheasants’ were placed as controls 
in each of 4 contiguous pens of the same size. 
The 6 pens, constructed of ordinary chicken 
wire, were situated inside a wooden frame cov- 
ered on 5 sides with 20 x 20 mesh plastic 
screen to exclude mosquitoes. A screened cor- 
ridor 5 feet in length with a screened door at 
each end provided the only entrance to the ex- 
perimental pens. Overlapping cloth draperies 
attached to the framework of the outer 
screened door served as a precaution against 
arthropods gaining access to the pens on in- 
dividuals entering the corridor. The inner 
surfaces of the screened enclosure and the en- 
closed space were systematically sprayed with 
insecticides to give further protection against 
arthropod activity in the pheasant pens. In 
order to prevent intimate contact between 
birds in separate flocks, solid panels extending 
from the ground to a height of 2'6” were 
placed against all wire partitions common to 
adjoining pens. The enclosures were not 
otherwise provided with walls or overhead 
shelters. On August 4, one male and one fe- 
male bird from each of the 2 test flocks were 
inoculated by the subcutaneous route with 0.2 
ml of a 10°° dilution of the New Gretna E,M> 
strain of EEE virus and immediately returned 
to their respective pens. Following the usual 
incubation period of 4 days, signs of disease 
were observed in each of the 4 inoculated 
birds. Secondary cases appeared in both test 
flocks on the fifth day following introduction 
of the inoculated birds. By the eighth day, 
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approximately 90% of the exposed birds 
showed typical signs of EEE. Thirty-eight 
of the 40 birds exposed through these means 
became infected as evidenced by clinical signs 
in birds dying of the disease and significant 
increases in neutralizing antibodies against 
EEE virus in survivors. No blood-sucking 
ectoparasites were found in thorough examin- 
ations of the pheasants or their pens. As 
shown by the results of plasma neutralization 
tests and the absence of disease, the infection 
did not spread to susceptible control birds in 
the contiguous enclosures. Naturally occur- 
ring EEE epizootics were not detected in 
other pheasants on the same farm or else- 
where in New Jersey during the year in which 
this study was made. 


Discussion. The hypothesis that EEE virus 
may be transferred in confined pheasant 
flocks by some means of direct contact is sup- 
ported by the experimentally induced out- 
breaks. In these tests, transmission of the 
virus by an insect vector is believed unlikely 
because of the care taken to exclude arthro- 
pods from the pens, the rapid transfer of virus 
in the affected flocks, and the failure of in- 
fection to spread to control birds in contigu- 
ous enclosures. 

It was found that pheasants could be in- 
fected with EEE virus by either subcutaneous 
inoculation or by dropping virus into the oral 
cavity. The infections induced by the two 
methods were essentially identical. Significant 
amounts of virus were found regularly in the 
blood and oral secretions of. infected birds; 
none was detected in cloacal discharges. 
Thus, in addition to mosquito transmission, 
certain other mechanisms may be postulated 
to make possible the transfer of virus from 
pheasant to pheasant. During acts of feather- 
picking or cannibalism, frequently observed in 
confined flocks, a normal bird might ingest 
blood from a bird with viremia. By picking, 
a bird shedding virus in oral secretions might 
possibly infect others as effectively as does a 
mosquito by biting. In addition, infection 
might result from the ingestion of food, water, 
litter or other substances contaminated with 
infectious oral secretions. Pheasants might 
also be infected through inhalation of infec- 
tive droplets or by direct contact of mouth 
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parts. Further studies, based on these hy- 
potheses, are in progress. 

Summary. (1) Six of 14 ring-necked 
pheasants (Phasianus colchicus torquatus) 
were infected following oral instillation of 
measured doses of Eastern equine encephalo- 
myelitis (EEE) virus. In one instance as lit- 
tle as 165 mouse LD; ) doses administered 
through this route were sufficient to induce in- 
fection. (2) EEE virus was recovered from 
blood, brain and oral secretions but not from 
the cloacal contents of pheasants infected by 
either subcutaneous inoculation or oral instil- 
lation of the agent. (3) EEE infection spread 
from 2 inoculated pheasants to 19 of 20 con- 
tacts in each of 2 pheasant flocks maintained 
in screened pens and further protected against 
arthropods through the use of insecticides. 
Transmission was apparently completed dur- 
ing the first 4 days of contact between inocu- 
lated and exposed birds. The infection did 
not spread to susceptible control birds in con- 
tiguous enclosures. (4) The findings were 
discussed in regard to their possible applica- 
tion in future studies. 


Grateful acknowledgement is made to members 
ot the faculty and technical staff of the Graduate 
School of Public Health, University of Pittsburgh, 
for advice and assistance. Special acknowledgement 
is made to Doctor William McD. Hammon for guid- 
ance and assistance throughout the study. 
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Effect of Pepsin Inhibitors on Milk Clotting Activity of Crystalline Pepsin.* 
(21669) 


Mario Marinit AND STANLEY LEVEY.} 


From the Department of Physiological Chemistry, Wayne University College of Medicine, 
Detroit, Mich. 


During the course of a previous investiga- 
tion it was noted that chondroitin sulfate 
would inhibit the proteolytic action of pepsin 
both in vitro and in vivo(1). The inhibitory 
effect of chondroitin sulfate on the activity of 
pepsin has also been reported with both com- 
mercial pepsin(2) and gastric juice(3). It 
was likewise known for many years that pepsin 
will clot milk, in fact use of this has been 
made in the manufacture of various cheeses 
(4). With these facts in mind it was decided 
to determine whether chondroitin sulfate 
would also inhibit the clotting of milk by 
pepsin. 

Methods. While the determination of the 
clotting of milk is a simple procedure there 
are so many different technics used that com- 
parison of various methods is most difficult. 
In the present study the following procedure 
was employed: to 5 ml of fresh pasteurized 
skim milk 0.25 ml of a 2.5% calcium chloride 
solution is added. After adding 0.75 ml of 
distilled water, the solution is shaken 20 times 
and placed in a constant temperature bath at 
25°C for 10 minutes. At the end of this time 
the tube is removed from the bath and mixed 
10 times by inversion. Now 0.5 ml of the en- 
zyme solution is added rapidly, inverted twice, 
and observed under a good light source while 
tilting every second. The appearance of the 
first granular particles on the side of the tube 
is taken as the end point. The time that 
elapses from the addition of the enzyme until 
the appearance of the granules is recorded as 
the clotting time. This technic is reproducible 


* Supported in part by a Grant-in-Aid from the 
Michigan Chapter of the Arthritis and Rheumatism 
Foundation. 

+ The data in this paper were taken from a thesis 
submitted by Mario Marini in partial fulfillment of 
the requirements for the degree of Master of Science, 
Graduate School, Wayne University, 1952. 

t Present address, Department of Surgery, Western 
Reserve University, School of Medicine, Cleveland, O. 


so that with a clotting time of 45 seconds the 
normal variation was +2 seconds and with 
the more rapid clotting times (20 seconds or 
less) the variation was +0.5 second. The 
chondroitin sulfate used in the work was pre- 
pared by 2 different procedures from the car- 
tilaginous rings of bovine trachea. The method 
of Bray, Gregory, and Stacey(5) yields a cal- 
cium salt, and that of Eindbinder and Schu- 
bert(6) gives the potassium salt, of chon- 
droitin sulfate. The analyses of 2 prepara- 
tions used (on a moisture free basis) are as 
follows: 


Ash as 
sulfates Nitrogen Sulfur 
(%) (%) (%) 
Bray et al. 24.3 2.68 4.63 
Eindbinder and Schubert 30.6 2.40 4.66 


Crystalline pepsin (procine) was used in 
this study.$ 


Results. When solutions of crystalline pep- 
sin were added to skim milk no clotting was 
noted in 3 hours. But, on adding calcium ions 
to the milk, clotting occurred immediately 
after adding the pepsin. Thus, it appeared 
that additional calcium ions must be added to 
the milk to promote clotting under these con- 
ditions. It was absolutely necessary to add 
the calcium to the milk and not to the enzyme 
solution. If the latter were done, the calcium 
inhibited the action of the pepsin for no clot- 
ting occurred within 3 hours. The effects of 
various calcium concentrations on the clotting 
of milk by pepsin are shown in Fig. 1. For all 
subsequent work 0.25 ml of a 2.5% calcium 
chloride solution was added to each 5 ml of 
milk substrate, since this gave the best curve 
for analytical purposes. This amount of cal- 
cium chloride did not change the pH of the 
milk. 

Early in the study it was felt that dry skim 


§ Obtained from Armour Laboratories, Chicago. 


LOG CONC. PEPSIN (MG./ CC.) 


TIME IN SECONDS 


FIG. 1. Effect of different concentrations of eal- 
cium chloride on milk clotting action of erystal- 
line pepsin. Curves 1, 2, 3, 5 and 6 represent 
effects of adding 0.25 ml of the following calcium 
chloride solutions to 5 ml.of skim milk: 0.625, 
1.25, 2.50, 5.00 and 10 ml % respectively. Curve 4 
(broken line) represents clotting activity of pepsin 
with reconstituted skim milk powder as the sub- 
strate. Except for substrate all other conditions 
were the same as used in obtaining curve 3. 


milk powder would be a better substrate with 
which to study the clotting action of the pro- 
teolytic enzyme since on reconstitution it 
should be more uniform over a long period of 
time. To prepare the substrate, 10 g of the 
dry milk powder was added to 100 ml of dis- 
tilled water and shaken until well suspended. 
It was soon found that fresh skim milk gave a 
finer end point with fewer variations than the 
substrate prepared from the dried milk pow- 
der. All the studies reported here were carried 
out using the fresh skim milk. This was ob- 
tained by centrifuging fresh pasteurized whole 
milk each morning at a low speed and then 
separating the non fat layer. Fig. 1 shows the 
effects of various concentrations of pepsin on 
the clotting time of both fresh milk and the 
reconstituted milk powder. The results ob- 
tained from the 2 substrates are in substantial 
agreement. But, because of the sharper end- 
point the fresh skim milk was used in all the 
studies. 

The effect of chondroitin sulfate and sodium 
lauryl sulfate on the clotting action of pepsin 
on milk is shown in Fig. 2. Both of these sub- 
stances inhibit the proteolytic action of pepsin, 
but the chondroitin sulfate accelerated the 
clotting of milk and the sodium lauryl sulfate 
inhibited it. In other words, the effect of 
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chondroitin sulfate on the clotting of milk is 
just opposite to its effect on the proteolytic 
action of pepsin. At first it was thought that 
this might be due to the calcium present in the 
chondroitin sulfate since the Bray preparation 
was used. But, similar results are obtained 
using the potassium salt of chondroitin sulfate. 
Sodium lauryl sulfate was found to inhibit 
both the proteolytic action of pepsin and its 
milk coagulating property. Since chondroitin 
sulfate is related structurally to heparin the 
effects of heparin on the pepsin clotting action 
of milk were studied and the results are given 
in Fig. 2. Heparin inhibits the milk clotting 
power of pepsin. Here is the case of 2 struc- 
turally related compounds having opposite ef- 
fects on the milk clotting activity of pepsin. 


Discussion. The clotting of milk by proteo- 
lytic enzymes is believed to occur in 2 stages. 
The first is the formation of a modified casein 
(paracasein) which then forms a precipitate 
with calcium ions. While the process is com- 
plex and not completely elucidated, the first 
stage, according to Berridge(4) is enzymatic 
and the second stage nonenzymatic. The first 
stage is believed to involve a denaturation of 
the calcium caseinate of the milk by rupture 
of some of the bonds which keep the molecule 
in its native configuration. These activated 
molecules or fragments then recombine and 
form a complex with calcium which precipi- 
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FIG. 2. Effect of sodium lauryl sulfate, chon- 
droitin sulfate and heparin on milk clotting action 
of crystallin pepsin. Curve l-represents effect of 
sodium lauryl sulfate, curve 2 a normal pepsin 
milk clotting curve, curve 3 effect of 3.125 mg of 
chondroitin sulfate, curve 4, 6.25 mg of chon- 
droitin sulfate and curve 5, 12.5 mg of heparin. 
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tates from solution. In the present work 
chondroitin sulfate was found to accelerate 
the milk clotting action of pepsin and both 
heparin and sodium lauryl sulfate decreased 
the clotting rate. Now, under different con- 
ditions, both sodium lauryl sulfate(7) and 
heparin(1) have both been shown to inhibit 
the proteolytic action of pepsin, and chon- 
droitin sulfate also inhibits the proteolytic 
action of pepsin both in vitro and in vivo(1). 
Heparin is a stronger inhibitor of the proteo- 
lytic action of pepsin than chondroitin sulfate. 
While it is possible to speculate as to why the 
chondroitin sulfate accelerates the milk clot- 
ting activity pepsin and the other 2 sulfate 
containing compounds react oppositely, the 
exact mechanism of this reaction is not known. 
It appears that the peptide linkages attacked 
by pepsin during the formation of paracasein 
are different from those ruptured during pro- 
teolysis of casein. 
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Summary. While heparin, chondroitin sul- 
fate, and sodium lauryl sulfate inhibit the 
proteolytic action of pepsin, chondroitin sul- 
fate accelerates the milk clotting activity of 
pepsin and the other 2 compounds inhibit it. 
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Howarp F. TucKER AND W. D. SALMON. 


From Department of Animal Husbandry and Nutrition, Agricultural Experiment Station of 
Alabama Polytechnic Institute, Auburn. 


In 1950 we observed a severe dermatitis in 
hogs on an experiment comparing hydraulic 
and solvent process peanut meals as protein 
supplements. Other symptoms were impair- 
ment of growth coincident with onset of the 
skin lesions, diarrhea, vomiting, anorexia, loss 
in weight, and finally death in the severe cases. 
Typical appearance of diseased pig is illus- 
trated in Fig. 1. An apparently similar con- 
dition had been reported and illustrated with 
photographs by Hogan and Johnson(1). The 
condition has also been reported by several 
other workers(2-11). Other verbal or in- 


* The data are taken from a dissertation submitted 
to Alabama Polytechnic Institute by Howard F. 
Tucker in partial fulfillment of requirements for the 
Ph.D. degree. Appreciation is expressed to Merck 
& Co. for donations of vitamin mixture, to Buckeye 
Cotton Oil Co. and Dothan Oil Mills for cottonseed 
meal and to Chas. Pfizer Co. for BiCon TM-10. 


formal reports have come to us indicating a 
rather widespread occurrence of the condition 
in recent years. Kernkamp and Ferrin(12) 
reported a clinical and pathological study of 
an apparently identical condition and charac- 
terized it as parakeratosis; their experience 
with the condition had extended over a period 
of 11 years. Peculiarly, rations containing 
hydraulic process peanut meal as the protein 
supplement had been successfully used in ra- 
tions for fattening hogs at this station over a 
period of many years. In the 1950 experi- 
ments, bone meal and salt were added to the 
ration as the sole mineral supplement, where- 
as, in the previous experiments, separate min- 
eral mixtures containing charcoal, wood ash, 
limestone, and salt or basic slag and salt had 
been available. This was a critical difference 
although its importance was not recognized 
until many experiments later. 
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FIG. 1. Photograph of pig showing typical severe 
dermatitis. 


Experiments Yielding Negative Results. 
Microscopic examinations and_ therapeutic 
measures indicated that the condition was not 
caused by parasites. The fact that the syn- 
drome developed most frequently in pigs fed 
vegetable protein supplements (peanut meal, 
cottonseed meal, soybean meal) in dry lot 
and was prevented or cured by clover or al- 
falfa pasture suggested a nutritional origin. 
An amino acid or vitamin deficiency or a 
multiple deficiency of these factors was sus- 
pected. Experiments were conducted to de- 
termine the effects of these factors. Wean- 
ling pigs 6 to 8 weeks of age were used in 
these experiments. All tests were conducted 
on concrete-floored pens without bedding. 
Pens were cleaned and washed daily except 
Sunday. Tests on calcium pantothenate, nia- 
cin, pyridoxine, inositol, biotin, folacin, vit. 
By», choline, ascorbic acid, vitamins A, D, E 
and K, antibiotics, methionine, lysine, and 
tryptophan in various combinations yielded 
negative results in curing or preventing the 
disease. 

Experiments on mineral nutrients. Experi- 
ments were next undertaken on mineral nu- 
trients. Two basal rations were used in these 
experiments; their composition is given in 
Table I. 

Four lots of 5 Hampshire X Landrace pigs 
were placed on the treatments shown in 
Table Il. The experiment was continued for 
10 weeks except that some pigs were removed 
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for curative tests when they had developed 
pronounced dermatitis. Hence average weight 
gains in Table II are shown only for the first 
4 weeks. The incidence and severity of the 
dermatitis was significantly increased by the 
addition of 2% of bone meal or 1.5% of 
CaCO; to the basal ration. There was a 
marked decrease in weight gains and slight 
scaliness of the skin but no marked dermatitis 
in the pigs receiving the 4% addition of bone 
meal: anorexia, vomiting, scours and emacia- 
tion were observed in all pigs on this treat- 
ment. 


The effect of bone meal at the 2% level 
and CaCO; at an equivalent Ca level sug- 
gested the possibility of an imbalance phe- 
nomenon involving trace minerals. An ex- 
periment was designed to test this possibility. 
Ration 1 supplemented with bone meal was 
supplemented with trace minerals at the fol- 
lowing levels in per cent of the ration: Fe 
citrate, 0.13; MnSQOx,, 0.04; CuCOs, 0.005; 
CoCOs, 0.0006; ZnCO3, 0.01. The treatments 
and results are summarized in Table. III. 
Trace minerals effectively prevented derma- 
titis and other associated symptoms and sig- 
nificantly increased the rate of gain. In a 
second experiment with Ration 10 the harm- 
ful effects of adding 2% of bone meal or 1.5% 
of U.S.P. Caz (PO,)». and the protective action 
of trace minerals were again demonstrated. 
In the meantime MnSO, in curative tests had 


TABLE I, Percentage Composition of Basal 
Swine Rations. 


Ration 1t 


Ration 10+ 


Ingredient (%) (%) 
Corn, yellow 74.8 72.8 
Cottonseed meal — 25.0 
Soybean meal 14.0 — 
Meat and bone meal 1S — 
Fish meal 3.0 — 
Marble dust — 13) 
Salt 45 BS 
Bi-Con TM-10 all All 
Merek-92 vit. mixture* ai x: 
Vat Bist + a. 
Calcium content 95 .65 
Phosphorus content 75 38 


“Adds per Ib of ration: 2 mg riboflavin, 4 mg 
calcium pantothenate, 9 mg niacin and 10 mg cho- 
line. 

t Added at rate of 10 wg/lb of ration. 

+ Content of Zn of Ration 1 was 44 ppm and of 
Ration 10 was 34 ppm. 
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TABLE II. Effeets of Adding Steamed Bone 
Meal or Calcium Carbonate to Ration 1 (10 Wk 


Experiment). 
Avg daily Cases 
Treatment gain,lb* dermatitis 
Basal 1226 0/5 
* + 2% bone meal 1.04 3 5) 
a ey y 4 0/5 
+ 1.5% CaCO, .84 4/5 


* Avg daily gain shown for 4 wk only. 


produced such a slight favorable response that 
it was considered negative. ZnCOs was next 
tried in curative tests on two lots of hogs 
from the above experiment. Curves of aver- 
age weights of these two lots from the begin- 
ning of the experiment are shown in Fig. 2. 
Ration 10 was supplemented with 1.5% of 
Caz(PO4)2 for Treatment A and with 2.0% 
of bone meal for Treatment B until the 9th 
week, when 6/6 pigs on Treatment A and 4/6 
pigs on Treatment B showed the characteris- 
tic dermatitis. At this time 0.02% of ZnCOs; 
was added to the ration of Lot A and the bone 
meal supplement in ration for Lot B was re- 
placed by 1.5% of Cas(PO,)2. Four weeks 
later 0.02% of ZnCO: was added to the ration 
for Lot B. 

The response to the addition of ZnCO; was 
prompt and dramatic. There was almost im- 
mediate increase in appetite, and improve- 
ment in weight gains and skin condition was 
obvious in one week. ‘There was soon an ap- 
parently complete recovery from the skin 
lesions and associated symptoms. The condi- 
tion of 3 pigs from Lot A before and after the 
addition of ZnCOs to their ration is illus- 
trated in Figs. 3 and 4. 

An experiment was then designed to com- 
pare the preventive effects of zinc and trace 
mineral mixture containing zinc when added 
to Ration 10 supplemented with 1.5% of Cas 


TABLE III. Results of Adding Trace Minerals 
to Ration 1 Supplemented with Bone Meal (13 
) 


Wk). 
Avg daily Cases 
Treatment gain,lb dermatitis 
2% bone meal .84 5/6 
OG 7” + trace 1.42 0/6 
4% ” 89 3/6" 
LM Of ”» + trace 1.33 0/6 


* One pig died before close of experiment. 
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(PO,)2. Weanling pigs of predominantly OIC 
breeding and averaging 26 lbs. in weight were 
used, 6 pigs to each treatment. The results 
are summarized in Table IV. 

The experiment was continued for 7 weeks. 
Pigs receiving either ZnCOs or trace mineral 
mixture containing zinc were normal in ap- 
pearance at the end of the experiment and 
their rate of gain was identical for the 2 
treatments. The rate of gain for the check 
pigs was only one-fourth that of the pigs re- 
ceiving either zinc or trace mineral mixture; 
2 pigs in this lot showed symptoms of derma- 
titis on the 19th day of the experiment and 
5/6 had dermatitis before the experiment was 
terminated. 

Discussion. The occurrence of zinc de- 
ficiency in animals has been reported only for 
mice and rats restricted to experimental diets 
containing 0.3 to 1.6 ppm of Zn. The demon- 
stration of zinc deficiency in pigs receiving 
rations containing 34 to 44 ppm of zinc is in- 
deed surprising. The effects of calcium and 
phosphorus in aggravating zinc deficiency in 
the pig resemble their effects in aggravating 
manganese deficiency in birds. Whether the 
mechanisms are similar remains to be deter- 


IN POUNDS 
ow 
9 


Zn added 


AVG WEIGHT 
~ 
9 


lmcnSr 4 on Crane 6o) IOMIMICNISsIaalomlonlG 
WEEKS ON EXPERIMENT 


FIG. 2. Curve A—Avg weights of 6 pigs fed Ra- 
tion 10 supplemented with 1.5% of Ca,PO, until 
the 9th wk when .02% of ZnCO, was added to the 
ration. Curve B—Avg weights of 6 pigs receiving 
Ration 10 supplemented with 2% of bone meal 
until the 9th wk when the bone meal was replaced 
with 1.5% Ca,(PO,).. Four wk later .02% of 
ZnCO, was added to the ration. 
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mined. The levels of calcium and phosphorus 
found to be harmful in these experiments, 
(with the exception of the 4% bone meal 
level), however, are not above those fre- 
quently used in practical rations for hogs 
and did not depress growth when the rations 
were supplemented with zinc. The zinc-sup- 
plemented rations produced excellent gains. 
It thus appears that the pig has a relatively 
high requirement for zinc. On the basis of 
the data presented, it is concluded that para- 
keratosis or ‘‘swine dermatitis” is primarily 
a zinc deficiency disease. The development 
of the disease appears to be conditioned by 3 
factors: the absolute amount of zinc in the 
ration, the level of Ca and/or P in the ration, 


4 


FIG. 3. Photograph showing severe dermatitis in 
3 of the pigs from Treatment A (Fig. 2). 
FIG. 4. Photograph showing recovery in same 3 
pigs 8 wk after addition of .02% ZnCO, to ration. 
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TABLE IV. Results of Additions of Zine and 
Trace Minerals to Ration 10 Supplemented with 


Ca3(PO,)>. 
Avg daily Cases 
Treatment gain,lb dermatitis 
1.5% Cag(PO,). .26 5/6 
Idem + 02% ZnCO, 1.06 0/6 
as + trace 1.06 0/6 


a relatively high requirement of the pig for 
zinc. 


Summary. The parakeratosis syndrome 
was produced in pigs on rations containing 34 
to 44 ppm of Zn. The level of Ca and/or P 
affected the incidence and severity of the dis- 
ease. Supplementing the diet with .02% of 
ZnCO3 (or .01% ZnCO3 in a trace mineral 
mixture) cured or prevented the disease. The 
zinc-supplemented rations produced excellent 
growth in pigs. 
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Effects of Autonomic Drugs and of Adrenal Glands on Oxygen Poisoning.* 
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REBECA GERSCHMAN, Danier L. GILBERT, SyLvANus W. Nye, Wittram E. Price, Jr. 
AND WALLACE O. FENN. 


From the Department of Physiology, School of Medicine and Dentistry, University of Rochester, 
Rochester, N. Y. 


In a previous publication(1) it was re- 
ported that epinephrine partly counteracted 
the beneficial effects of adrenalectomy in rats 
submitted to high oxygen pressure (HOP). 
Likewise, epinephrine was found to be detri- 
mental in normal animals exposed to HOP 
(2,3). On the other hand it was noted that 
oxytyramine, also a sympathomimetic drug, 
had instead a protective effect against oxygen 
poisoning in normal animals(4). It was, 
therefore, of interest to study further the rela- 
tive roles of the medulla and of the cortex of 
the adrenal glands in oxygen poisoning, as well 
as the effects of other sympathomimetic and 
some para-sympathomimetic agents. 

Methods. Female mice weighing 20 g were 
used. The types of mice used were Carworth 
Farms Webster (CFW), Rockland All Pur- 
pose (RAP) and “Webster mice” of the Clara 
Lynch strain. Both demedullized and ad- 
renalectomized mice were given water and 
saline (0.9% NaCl) ad libitum. Adrenalecto- 
mies were performed according to the technic 
described previously(1) and the medullecto- 
mies were done according to the Evans tech- 
nic(5) except that medullas were removed by 
suction instead of by squeezing. Unfor- 
tunately no histological sections were made of 
the demedullized adrenal glands to determine 
if any chromaffin tissue was still remaining. 
Adrenalectomies were performed 6 days prior 
to acute oxygen poisoning experiments. Cor- 
tisone (Cortone Acetate, Merck) treatment 
was started on the third day after the opera- 
tion, each mouse receiving 2 I.M. daily injec- 
tions of one-eighth of the total cumulative 
dose. On the sixth day the daily amount of 
cortisone was given in one injection 2 hours 


* This study was supported by funds provided 
under contract AF 18(600)-556 with the USAF 
School of Aviation Medicine, Randolph Field, Texas, 
and by the Ernest L. Woodward fund of the Univer- 
sity of Rochester. 


prior to the acute oxygen experiment. Mice 
which received adrenal cortex extract (Up- 
john) were injected twice daily with one-sixth 
of the total average cumulative dose per in- 
jection, beginning on the fourth day after the 
operation. Morning injections were given in- 
tramuscularly and evening injections, subcu- 
taneously. This treatment continued until the 
sixth (or in some cases the seventh) day in 
which the animals were submitted to oxygen 
postoning 2 hours after the first injection. 
Controls for all groups of the experiments re- 
ceived the same volumes of saline as the ex- 
perimentals. The following substances were 
given in units per 20 g mouse in 0.2 ml of 
saline, I.P.: epinephrine (Suprarenin, Win- 
throp-Stearns as bitartrate), norepinephrine 
(Levophed  Bitartrate, Winthrop-Stearns), 
oxytyramine (dioxyphenolethylamine, Ster- 
ling-Winthrop Research Institute), diben- 
zyline (S.K.F. 688A, Smith, Kline and 
French), tryptamine (3-(2-aminoethyl)  in- 
dole hydrochloride, Eastman Organic), Doryl 
(Merck) (carbachol) and Mecholyl Chloride 
(Merck) (methacholine chloride). Atropine 
was given in 0.1 ml solution intramuscularly. 
All injections, unless otherwise stated, were 
done 5 to 10 minutes prior to oxygen survival 
tests. When the adrenalenucleated and ad- 
renalectomized mice (and their controls) were 
submitted to oxygen, the pressure was _ in- 
creased at the rate of 5 lb per minute to 6 
atmospheres, (75 psi gauge pressure) after 
one minute of flushing with oxygen. For 
all other experiments the pressure was in- 
creased to 6 atmospheres in one minute, also 
preceded by flushing. There was a continuous 
flow of oxygen through the chamber during 
the experiments, and the presence of soda lime 
kept the carbon dioxide concentration unde- 
tectable. Survival times were taken from the 
time 6 atmospheres of oxygen was attained 
until respiration ceased. The mean survival 
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TABLE I. Effect of Adrenal Demedullation, Adrenalectomy, Epinephrine and Adrenal Cor- 
tical Hormones on Survival Times of Mice in 6 Atmospheres of Oxygen. 
a 


No. of Mean survival Difference 
Condition mice time (min.) (min. ) GO Beh (Gis) 

Control eos | ae, 43.44 1.3 
Dem.* 35 52.60 = 16 92+ 2.0 0 
Controlt 28 38.5 == Lal 
Adr.*t 28 78.5 + 5.9 40.0 + 6.0 0 
Control 10 38.14 1.8 é 
Adr. 8 78.8 +13.0 40.7 +13.1 1.6 
Control, .015 mg epin.* 10 34.2 + 1.6 =3.9 Ae 12.3 
.015 mg epin. & adr. a 67.4 +15.2 29.3 +15.3 10.2 
Control 10 38.9 + 2.3 
Adr. 10 81.5 +11.6 42.6 +11.9 6 
Control, .5 mg cort.* ¢ 10 38.5 + 1.4 = ise ref 88.4 
Control,2.5mg ” }¢ 10 41.0 + 1.5 21: 2.7 43.7 
.5 mg cort.t & adr. 10 56.6 + 4.7 Bi se Gy 6 
PAfsyaanyen Y ~ aeeg. 7 10 BUR se 2yit A+ 3.1 89.8 
Control 9 45.34 2.9 $ 
Adr. 9 108.4 +16.5 63.1 16.7 6 
Control, 1.5 ml adr. cort. ext.t 9 40.0 + 1.4 —5.3 + 3.2 12.6 
Control, 3.6 ml Idem 9 36.94 9 -8.4+ 3.0 2.3 
1.5 ml adr. cort. ext.t & adr. 9 69.9 + 9.3 24.6 + 9.8 oD 
3.6 ml Idem 9 44.14 1.2 —1.2+ 3.1 70.6 

All OFW mice. 

* dem. = demedullation; adr. = adrenalectomized; epin. = epinephrine; cort. = cortisone. 


t Ineludes normal adrenalectomized animals used as controls for similar animals treated 
with .015 mg epinephrine and 2.5 mg cortisone as listed. 


t Total cumulated dose. 
Figures are given with stand. errors. 


times and the differences from the mean con- 
trol survival times plus their respective stand- 
ard errors were computed for each group. The 
“P” values were calculated from the “t”’ test. 
Results. It was observed that mice de- 
medullated 16 days previous to submission to 
6 atmospheres survived 6.2 minutes longer in 
oxygen than did the normal controls. When 
the interval following demedullation was in- 
creased to 20, 38, and 52 days, the increases 
in survival times were 10.4, 9.0, and 13.0 
minutes, respectively, but since there was no 
significant difference among these groups, only 
the average increase in survival time (9.2 
minutes) is shown in Table I. Table I also 
shows that adrenalectomized mice survived in 
oxygen 40 minutes longer than their normal 
controls. A dose of 0.015 mg epinephrine ap- 
peared to decrease the survival time by about 
10 minutes in both normal (Table II) and ad- 
renalectomized mice. The difference for the 
adrenalectomized mice did not appear to be 
statistically significant (Table I) but a simi- 
lar effect was previously observed in adrenalec- 
tomized rats(1). Adrenalectomized mice given 


a total dose of 0.5 mg cortisone or of 1.5 ml 
adrenal cortex extract survived significantly 
longer than their saline controls, but when the 
total doses were increased to 2.5 mg cortisone 
or to 3.6 ml adrenal cortex extract, the bene- 
ficial effect of adrenalectomy was completely 
eradicated. 

Table II shows that both epinephrine and 
norepinephrine in doses ranging from 0.0005 
to 0.04 mg appeared to shorten the survival 
time of mice 3 to 10 minutes. Although low 
doses (0.00005, 0.00025, and 0.0005 mg) of 
norepinephrine did not give individually sig- 
nificant decreases in survival times, it was 
found that pooling together of these 3 doses 
gave a significant decrease in survival of 4.8 
minutes with a standard error of 2.4 (P = 
5.0%). 

Doses of 5 to 7 mg of oxytyramine, a sym- 
pathomimetic drug, gave a significant protec- 
tion of 8.5 minutes (Table III). Doses of 
0.043 and 0.43 mg of tryptamine, another 
sympathomimetic agent, were also not detri- 
mental, and a dose of 3 mg of tryptamine gave 
a protection of 5.5 minutes (P = 0.0%). A 
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TABLE II. Effects of Epinephrine and Norepinephrine on Survival Times of Mice in 6 
Atmospheres of Oxygen. 


No. of animals 


Dose (mg) “Control Exp. 


Epinephrine 
.0005 29 26 42.9 se 2. 
.005 10 10 38.5 = 2. 
Ode 40 40 39.4 + 2. 
.03 10 9 33.7 —& 2. 
035 10 9 39.7 = 2. 
04 f 45 39 ABIL AI se It 

Norepinephrine 
.00005 10 10 49.8 +4 
.00025 10 9 49.8 + 4. 
.0005 20 20 418+ 1. 
.015 29 28 41.441. 
04 10 10 40.0 + 2 
2 6¢ 29 21 44.3 + 1] 


| oOmwaNy 


Oo rR we 


[o7) 


-Mean survival times (min.)———_, 
Controls 


Exp. Diff. EP 2? 1G) 
36.7 + 1.6 — 5.8 + 2.6 Sal 
31.5 = 1.6 — 7.0 + 2.8 2.4 
32.4 + 2.1 -— 7.0 + 3.0 1.9 
249+ 1.9 — 8.8 + 2.8 6 
23.1 + 2.2 -10.6 + 3.0 “33 
33.4 + 1.5 — 7.7 + 2.2 all 
41.5 + 5.7 — 83+ 5.7 16.7 
40.2 + 2.1 — 9.6 + 5.2 8.5 
38.6 + 2.3 — 3.2+2.8 26.7 
34.5 + 1.5 — 6.9 + 2.0 0 
33.6 + 2.3 — 64+ 3.7 10.4 
384.38 + 1.5 —10.0 + 2.5 A) 


Ail RAP Gnicoe 


| 
| 


* Includes animal given .015 mg epinephrine in Table ITI. 


? ” ” ” 


04 mg 


Tt 
+ ” ”? 29 >) 
- 


Figures are given with stand. errors. 


0.1 mg dose of dibenzyline, a sympathetic 
blocking agent, significantly prolonged the 
survival times 10 to 16 minutes. When a 
combination of dibenzyline and epinephrine 
(either 0.015 or 0.04 mg) was administered, 
the epinephrine counteracted almost all the 
beneficial effect of the dibenzyline. A com- 
bination of 0.1 mg dibenzyline and 0.2 mg 
norepinephrine had no significant effect. A 
combination of 3 mg of tryptamine and 0.1 mg 
of dibenzyline gave a significant increase in 
survival times of 15.7 minutes. 

Table IV shows that a 0.21 mg dose of 
Doryl and doses of 0.8 mg and 1.52 mg of 
Mecholyl Chloride, both parasympathomim- 
etic agents, increased the survival time by 
about 25 to 30 minutes. Atropine, a para- 
sympatholytic agent, decreased _ signifi- 
cantly the survival time of normal mice by 
8.7 minutes and abolished completely the 
beneficial effect of 0.84 mg of Mecholyl 
Chloride. 

Discussion. Complete adrenalectomy in- 
creased the survival time of mice exposed to 
HOP by about 40 minutes. This effect can 
be completely reversed by injections of corti- 
sone (2.5 mg) or adrenal cortex extract (3.6 
ml) and can be partially reversed (10 minute 
shorter survival time) by 0.015 mg epineph- 


.2. mg norepinephrine : 
§ In some experiments same group served as controls for 2 


” ” ” 


” ” 


or more groups. 


rine. Since no dose of epinephrine was found 
which would completely reverse the effects of 
adrenalectomy, it seems reasonable to con- 
clude that most of the protective effect of ad- 
renalectomy is due to the removal of the 
effects of the cortex although removal of the 
medulla also may contribute significantly to 
this effect. This conclusion would be more 
reliable if the actual amounts of hormones 
secreted normally by the glands were known 
so that the correct replacement dose could be 
injected. 

It is of interest to note that other sym- 
pathomimetic drugs do not have the detri- 
mental effect on survival times noted for 
epinephrine. Since it was previously reported 
that oxytyramine, a sympathomimetic drug 
possessing only a mild vasopressor activity 
(6), had protective action against HOP(4), 
it was thought that relative vasomotor activi- 
ties could possibly be a reason for the observed 
difference in effects. Therefore, doses of 
epinephrine and norepinephrine, ranging from 
very low to lethal amounts, were tested, but all 
proved to be unfavorable. Another sympatho- 
mimetic drug, tryptamine, either had no effect 
at lower doses or had a significant protective 
effect when a dose of 3.0 mg per 20 g mouse 
was used. An explanation for the opposite 
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TABLE III. Effects of Sympathomimetie Drugs and a Sympatholytic Agent, Dibenzyline, on 
Survival Times of Mice in 6 Atmospheres of Oxygen. 


No. of Mean survival Difference 
Injection of mice time (min. ) (nin. ) GOT Boe) 

Saline 25. = 39.5 ay 

5 to 7 mg oxyt.* 25 48.4 + 2.7 8.5 + 3.2 8 
Saline 20 39.0 =: 1.3 

.043 mg tryp.* 20 410+ .9 2.0 = 1-6 21.0 
Saline 10 BiG am 2) 

.43 mg tryp. 10 ah ce Bho 3.8 + 5.2 47.8 
Saline 46 39.9 + 1.0 

3.0 mg tryp.t 47 454+ .9 5.5 + 1.3 0 
Saline 10 32.2 + 1.1 ; 
.015 mg epin.* 10 29.5 + 2.7 —2.7 + 2.1 20.6 
.l mg dib.* i) 48.44 1.4 16.2 + 1.8 0 
.015 mg epin. & .1 mg dib. 10 34.4 + 1.8 eee 31.1 
Saline 15 39.8 + 2.7 

.04 mg epin. 14 32.0 + 1.8 —7.8 + 3.2 2.4 
.l mg dib. 16 49.9 + 2.8 LOW 23.9 1.5 
.04 mg epin, & .1 mg dib. 15 44.44 1.4 4.6 == 3.0 14.2 
Saline 9 38.8 + 3.1 

.2 mg norep.* 7 28.6 + 2.4 —10.2 + 3.9 1S 
.l mg dib. 10 52.7 + 2.4 13.9 + 3.9 3 
.2 mg norep. & .1 mg dib. 10 Shi Se) Iles) 3 + 3.6 $3.7 
Saline 20 41.8 + 1.4 

3.0 mg tryp. 20 45.6 +1.3 Shite IL) 5.0 
.l mg dib. 20 58.8 + 1.7 (Ogata 0 
3.0 mg tryp. & .1 mg dib. 20 57.5 + 2.6 15.7 =e 3.0 0 


4 


Data for oxytyramine were published previously (4). 
All RAP mice except those given oxytyramine, which were ‘‘ Webster mice’’ of the Clara 
Lynch strain. Figures are given with stand. errors. 


* Oxyt. = oxytyramine, 
norep. = norepinephrine, 


tryp. = tryptamine, 


epin. = epinephrine, dib. = dibenzyline, 


+ Pooled sample which includes other animals similarly treated in this table. 


action within this group of substances in mice 
is not apparent. Their sympathomimetic 
effects may or may not be related with the 
manner by which they influence oxygen tox- 
icity. To clarify some of the biochemical 
effects of these drugs which influence oxygen 
toxicity it would be of interest to compare 
their effects on other biological systems in 
which circulatory and nervous systems are 
lacking. 

Concerning the hypothesis that there are 
similarities between the initial effects of x-ir- 
radiation and oxygen poisoning (4), it is worth 
mentioning here that protective effects against 
both irradiation and oxygen poisoning have 
been established for oxytyramine(7), trypta- 
mine(7), Doryl(8), and Mecholyl Chloride 
(8). Further, in the case of the parasym- 
pathomimetic drugs the beneficial effects can 
be abolished in both cases by atropine(8). 
Epinephrine, on the other hand, is deleterious 
in oxygen poisoning but protective against ir- 


radiation(9). Cortisone has been reported to 
be synergistic with radiation(10) and to in- 
crease the susceptibility to pneumonitis pro- 
duced by oxygen(11). Adrenalectomy has a 
protective influence on rats(1) and mice 
against oxygen toxicity, but it appears to be 
detrimental in x-irradiation(12,13). While 
these latter effects appear at first glance to be 
exceptions to the general hypothesis, there 
may be good reasons for the discrepancies. 
The comparison between the two processes 
becomes especially difficult in the case of (a) 
certain drugs producing early lung changes 
which will have an important role in deter- 
mining survival times in the acute oxygen ex- 
periments, or (b) in the case of adrenalectomy 
plus irradiation experiments dealing with long 
survival times, in which the secondary effects 
may be expected to be more taxing to animals 
without adrenals than to normal irradiated 
animals, 


Summary. 1. Adrenal demedullation pro- 
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TABLE IV. Effects of a Parasympathomimetiec Drug aud a Parasympatholytic Agent, Atro- 
pine, on Survival Times of Mice in 6 Atmospheres of Oxygen. 


ec: : No. of Mean survival Difference 
Injection of mice time (min. ) (nin. ) Be (Go) 

Saline 10 53.9 + 5.6 

-021 mg Doryl 10 87.8 + 5.1 33.9 + 7.6 0 

Saline Gs 45.5 + 1.2 

-8 mg Mecholyl Chl.* 14 70.5 + 5.6 25.0 + 5.7 1 

Saline Alf) 44.5 +1.8 

1.52 mg Mecholyl Chl. 14 74.4 + 4.4 29.9 + 4.6 0 

Saline Ht 40.8 + 1.8 

-03 mg atropinet 15 Bell se 12) Soff SE 7) pil 

-84 mg Mecholy] Chl. 14 59.4 + 2.4 18.5 + 3.0 0 
33.0 + 1.1 —7.8 + 2.1 2 


*Some mice received 0.75 mg and some received 0.84 mg of Mecholyl Chloride. 


+ 0.1 ml injected I.M. 
Figures are given with stand. errors. 


tected mice against high oxygen pressure 
(HOP), but not as much as adrenalectomy. 
Epinephrine partially reversed the protective 
effect of adrenalectomy, whereas cortisone and 
adrenal cortex extract could completely abol- 
ish the beneficial action of adrenalectomy. 
These observed facts seem to demonstrate that 
both the adrenal cortex and medulla have a 
detrimental effect in HOP, but the cortex has 
a more important role. 2. With autonomic 
drugs the following observations were made: 
(a) Sympathomimetic Drugs. Tryptamine 
and oxytyramine had a protective action, 
whereas epinephrine and norepinephrine had a 
detrimental influence. (b) Sympatholytic 
Drugs. Dibenzyline by itself had a protective 
effect and counteracted the detrimental effects 
of epinephrine and norepinephrine. (c) Para- 
sympathomimetic Drugs. Doryl and Mecholyl 
Chloride bestowed a significant protection. 
(d) Parasympatholytic Drugs. Atropine by 
itself decreased the survival time of mice ex- 
posed to 6 atmospheres of oxygen and com- 
pletely nullified the protective effect of 
Mecholy! Chloride. 
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Effect of Cortisone on Serum Glycoprotein and Seromucoid Levels of Rats. 
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M. R. SHETLAR AND CLARA L. SHETLAR. 


From Research Laboratory, VA Hospital, and Department of Biochemistry, University of Oklahoma 
School of Medicine, Oklahoma City. 


Elevations of serum glycoproteins (protein 
bound polysaccharide) or seromucoid have 
been reported in patients with cancer(1), 
tuberculosis(2), arthritis(3), rheumatic fever 
(4,5), and in pregnancy (6). 

Elevated levels have been produced in ex- 
perimental animals by transplantable tumors 
(7), sterile abscesses or surgery(8), x-radia- 
tion(9), immunization(10), scurvy(11), and 
the administration of parathyroid hormone 
(12,13). These reports indicate that an 
elevation of protein bound polysaccharide oc- 
curs in response to many kinds of stress. The 
role of the pituitary-adrenal axis on the dy- 
namics of this response to stress would thus 
seem to be of interest. The effect of corti- 
cotropin, cortisone acetate and physiological 
saline on the serum glycoproteins of guinea 
pigs has recently been reported(14). The 
present report is concerned with a similar 
study of the effects of cortisone acetate on the 
protein bound polysaccharides of the rat. 


Experimental. Male rats of various ages 
and weights were given cortisone acetate by 
subcutaneous injections in dosages varying 
from 2-10 mg daily for 14 days. Blood sam- 
ples were taken by cardiac puncture at the 
beginning of the experiment, and were pooled 
for each group to provide sufficient serum for 
analyses. At the end of the experiment ani- 
mals were again bled by cardiac puncture; 
enough blood being obtained to make analyses 
of the serum from individual rats. Total non- 
glucosamine (hexose) polysaccharide was de- 
termined by the tryptophan method(15). 
Hexose polysaccharide of the seromucoid 
fraction was determined by the tryptophan 
method after isolation by the procedure of 
Winzler et al.(16). Protein was determined 
by the biuret method. Statistical treatment. 
Data were compared statistically by the “t” 
test as applied to the means of small samples 
(17) using the formula 


=i 


N, + Nz ) ue ( N,S*, + N.S’, ) 3 
( Na eeNese N,N, 


where x; and x» represent the means of the 
2 groups, N; and N» the number in each 
group, and S, and Sy» are the respective stand- 
ard deviations. 

Results. Serum polysaccharide levels and 
weight changes of the experimental animals 
before and after treatment with various doses 
of cortisone are summarized in Table I. One 
group of animals on starvation diet, a group 
injected with saline and a group of animals in 
which abscesses were induced by the sub- 
cutaneous injection of turpentine are included 
for comparison with the rats given cortisone. 

Seromucoid. After 14 days treatment an 
increase of seromucoid polysaccharide was 
noted in all animals given cortisone. How- 
ever, when compared by the ‘“‘t” test only the 
groups which were on high doses of cortisone 
(5-10 mg per day) were significantly higher 
than the untreated controls. Slight, but not 
significant elevations of seromucoid polysac- 
charide occurred in animals on starvation 
diets. A similar nonsignificant increase of 
seromucoid was noted in rats injected with 
0.5 ml of physiological saline each day. A 
large increase of seromucoid polysaccharide 
was observed in rats given turpentine ab- 
scesses when samples were taken 4 days after 
turpentine injection. 

Serum glycoprotein. After 14 days, a 
slight, but not significant depression of total 
serum glycoprotein occurred in rats treated 
with 5-10 mg of cortisone daily. After a pe- 
riod of 14 days a similar drop occurred in rats 
on the starvation regime. This alteration, 
therefore, is apparently due to inanition. By 
contrast the serum glycoprotein levels of rats 
with turpentine abscesses were decidedly ele- 
vated after four days. 
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TABLE I. Changes of Glycoprotein Hexose and of Scromucoid Hexose after Administration of Cortisone. 
OO Teel 
No. of Cortisone, Avg wt Serum polysaccharide* Seromucoid* 
Group animals mg/day Initial Loss Initial 7 days 14 days Initial 7 days 14 days 
1 il 10 481 121 2.92 2.87 2.84 + .15 18 22 35 + .034 
- 6 10 347 89 ae a MS eas 07 15 1,  .20ren0e 
3 + 6 337 84 3.08 2.84 2.90 + .08 15 15 .29 + .04} 
4 6 5) 478 100 2.92 Bro Ommaeoieat= lll AY) 26 34+ .01t 
5 6 5 333 59 2.93 3.18 3.14 + .06 15 I se OP 
6 4 3 350 61 2.84 2.76 2.84 + .03 12 16 :20;= 201 
7 8 3 254 28 2.87 = PEDO sede 16 == dl} Se {Nil 
8 6 2 508 45 2.93 2,89) 3.08 se 00 sly 1G 28-204 
9 13 0 378 -—20t 2.90 3.02 3.08 + .06 15 == AKG SE 
Turpentines 6 0 305 2 E255 Ee 13.88, 05 de — 39+ .02 
Starvation 15 0 362 143 3.01 SBS Malek se ADM 14 15 15 = 02 
Saline 7 0 431 1 3.06 3.24 3.22 + .06 12 — AT .04 


x = See it, = f as: nh a i : : 5 ae : a7. oa ; ea = 
Expressed as a % of the total serum protein. Figures following + refer to 


meal. 


Q se stand. error 
presse Sehentorey nad 2 o> F 
t Represents avg gain of 20 g. 


o 
leary 
+ 
— | 
i=) 

(9) 


+ Significantly higher than control group #9 at the 1% level of probability. 
§ Turpentine (1% ce) inj. subeut. Final samples taken 4 days after inj. 


Discussion. It appears that relatively 
large doses of cortisone acetate (5-10 mg, 
daily) are required to cause significant eleva- 
tions of seromucoid polysaccharides in rats. 
Smaller dosages (2 mg per day) were without 
significant effect in this regard. Since 2 mg 
per day is probably still higher than a level 
which would be considered physiological in 
the rat, it appears unlikely that the elevated 
seromucoid, associated with stress, could be 
due to endogenous glucocorticoid secretion. 
Furthermore, the elevations of seromucoid 
caused by sterile turpentine abscesses are 
higher than those produced by high doses of 
cortisone. Finally, animals with turpentine 
abscesses exhibited high serum glycoprotein 
levels while animals given cortisone showed 
slight decreases of serum glycoprotein. 

The decrease of nonseromucoid serum gly- 
coprotein polysaccharide in response to high 
cortisone dosage in the normal rat is of in- 
terest as it indicates that these two factors 
are not always related. The effects of corti- 
sone on normal rats may also be compared 
with results obtained after treatment of 
rheumatoid arthritis and rheumatic fever pa- 
tients with cortisone(4,5,18) in which de- 
creases of total protein bound polysaccharide 
and seromucoid occur with clinical improve- 
ment of the patient. On the basis of the data 
presented here this response in the patient 
may be related directly to clinical improve- 
ment and not to the direct effects of cortisone 
acetate. 


Summary. Daily doses of 2-3 mg of corti- 
sone acetate injected subcutaneously were 
without significant effect on the seromucoid 
hexose polysaccharide in rats after treatment 
for 14 days. Massive dosages (5-10 mg per 
day) resulted in significant elevations of sero- 
mucoid and slightly lowered serum glycopro- 
tein polysaccharide levels. Starvation re- 
sulted in similarly lowered serum glycopro- 
tein levels, but had no significant effect on 
seromucoid. Injection of turpentine sub- 
cutaneously in rats resulted in large elevations 
of both glycoprotein and seromucoid 4 days 
after injection. It appears unlikely therefore, 
that elevations of protein bound carbohydrate 
following stress can be related to the elabora- 
tion of cortisone-like compounds. 
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Man. 


S. Epwarp KinG AND Davin S. BALDWIN. (Introduced by William Goldring.) 
From the First Army Renal Research Laboratory, U. S. Army Hospital, Fort Jay, N. Y. City. 


Previous observations(1-4) have demon- 
strated the frequency of vasomotor and emo- 
] instability in subjects with transient or 


observed following psychogenic stimuli(5) as 
well as cold(6) and erect immobilization in 
ult(7) or lordosis(8). 

Although the association of vasomotor reac- 
proteinuria is frequently cited, the 
ct evidence relating the sympatho- 
etic amines and proteinuria is based on 

i tarr(9) with intravenous epi- 
rabbits and dogs, and oral and 
neous ephedrine in man. In the pres- 
ent study, a proteinuric action both of intra- 


th 


venoms norepinephrine and epinephrine was 
SO Proteinuria has been induced in man 
following these sympathomimetic amines. 


Methods. Observations were made in 12 
jult males, 6 with intermittent ortho- 
proteinuria and 6 normal subjects. The 
of norepinephrine was determined in 10 

ad of epinephrine in 4. All subjects 
1 in a basal hydropenic state, after 
ours of fluid and salt restriction. Urines 
vere Collected by indwelling catheter. After 
uitable control periods, norepinephrine was 
infused at constant rates varying from 15 to 
44 ag min. for 16 to 45 minutes in different 
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individuals, the rate being adjusted to obtain a 
systolic pressure elevation of 50 to 70 mm of 
mercury. Epinephrine was infused at con- jf) 
stant rates varying from 15 to 22 »g/min.} 
for periods ranging from 24 to 33 minutes un- 
til comparable elevations of systolic blood 
pressure were attained. Observations were 
continued for periods ranging from 23 to 54 
minutes following discontinuation of amine 
infusions. Blood pressures and pulse rates 
were determined at 5-minute_ intervals 
throughout the period of study. 

Qualitative estimations of urine protein 
(20% sulfosalicylic acid) were made on small 
samples of urine obtained at intervals of 5 
minutes by catheter during and after infusion 
of the pressor amines. 

Results. Norepinephrine. Proteinuria was 
induced by the intravenous infusion of nor- 
epinephrine in 4 out of 5 normal subjects and 
4 out of 5 with intermittent proteinuria (Table 
I). Proteinuria continued for periods of 16 
to 50 minutes following discontinuation of in- 
fusion. Maximal proteinuria was of relatively 
short duration, averaging less than one third 
of the total period of proteinuria, which lasted 
less than one hour. 

In general, no direct relation between either 
rate or duration of the infusion and the occur- 
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TABLE I. Proteinuria following Intravenous Norepinephrine and Epinephrine. 


Proteinuria 


r 


J . Appearance Duration of 
Rate of infusion Duration of after start of Duration max intensity 
(ug/min. ) inf. (min.) inf, (min.) (nin. ) Max intensity (min. ) 
Norepinephrine 4 

15 27 x ba —---- * 

25 33 — —— Neg. = 
25 10 — -- ss = 
42 21 14 50 +--+ By) 
25 17 —- _ Neg. = 
42 18 31 25 ~ 9 
25 40 20 36 Ate 36 
15 al) — — Neg. = 
26 10 = ~~ ae a= 
44 20 2 2 ae : 

25 16 13 43 ++ 17 
25 39 — — Neg. ae 
15 28 9 46 ler; 46 
25 16 — — Neg. = 
42 12 53 ols 9 

Epinephrine 

15 11 — == Neg. = 
25 14 10 52 — 10 
15 29 36 70 Tr 70 
15 10 — oe Neg. = 
25 23 13 32 he 32 
15 24 8 53 + 30 


* Not determined: 


rence, intensity, or duration of proteinuria was 
evident. However, in 2 instances proteinuria 
was induced following a rate of 42 pg/min. 
after 25 y»g/min. had proven ineffective. An 
infusion rate of only 25 »g/min. was employed 
in the 2 subjects in whom proteinuria was not 
observed. 


Epinephrine. Proteinuria was induced by 
intravenous epinephrine (USP) at rates of 15 
and 25 pg/min. in 2 normal subjects and 2 
subjects with intermittent proteinuria (Table 
I). Proteinuria continued for periods of 7 to 
48 minutes following discontinuation of the 
infusion. In 2 instances when dosage of 15 
g/min. proved ineffective, proteinuria was 
induced with 25 p»g/min. Positive quali- 
tative reactions for protein attributable to con- 
centration of urine resulting from reduction in 
flow is excluded by failure of the amines to 
reduce significantly the initial low rates of 
urine flow assured by hydropenia. Micro- 
scopic examination of fresh sediment failed to 
demonstrate significant hematuria or other ab- 
normalities. In no instance did the pressor 


amines cause svmptoms or objective findings 
of such nature as to prevent completion of 
the planned protocol. 

Discussion. To our knowledge, this is the 
first demonstration that transient proteinuria 
may be induced in man with intravenous ad- 
ministration of norepinephrine or epinephrine. 
Apparently proteinuria is not elicited by sub- 
cutaneous administration of epinephrine in 
dosage of 1 mg to man.* 

Norepinephrine and epinephrine are _ be- 
lieved to be involved in the homeostatic con- 
trol of arterial blood pressure under conditions 
of stress(11-13). Intravenously, in smaller 
doses than usually employed here, these ad- 
renal medullary amines produce renal vaso- 
constriction(11-13). Although the protein- 
uria here observed following those agents may 
be related to renal ischemia, at present no 
precise definition of the mechanism involved 
is available. 


* We were unable to obtain proteinuria in 3 sub- 
jects in whom moderate renal vasoconstriction was 
induced by 1 mg of subcutaneous epinephrine(10). 
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Conclusions. 1. Proteinuria has been in- 
duced by intravenous administration of nor- 
epinephrine and epinephrine in normal sub- 
jects and those with intermittent proteinuria. 
2. These observations suggest a possible role 
of the sympathomimetic amines in occurrence 
of transient proteinuria under stressful condi- 
tions. 
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Digital Blood Flow in Normal Newborn Infant Measured Calorimetrically.* 
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Dorotuy C. Y. YANG, LAWRENCE B. SLospopy, MILTON MENDLOWITZ, AND 
MarjoriE Tyrer. (Introduced by K. Lange.) 
From Department of Pediatrics, New York Medical College, Flower and Fifth Avenue Hospitals, 
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The calorimetric method for measuring 
blood flow was introduced by Stewart in 1911 
(1). The amount of blood flowing through 
finger can be calculated calorimetrically per 
unit of surface area per minute. This is based 
on the principle that when total caloric out- 
put of a digit is measured and the arterio- 
venous temperature difference is known, the 
amount of blood flowing through the digit 
can be computed from calories elaborated, di- 
vided by arterio-venous temperature differ- 
ence. 

Digital blood flow has been measured in 
adults calorimetrically by Mendlowitz since 
1941(2,4). There have been no reported in- 
vestigations on infants or children. We con- 
structed a small digital calorimeter which 
could be used for studying infants. This com- 
munication presents our findings in the new- 
born infant. 

Method. The general method has been re- 


* This study aided by grants from the Assn. for 
Aid of Crippled Children, and Assn. for Pediatric 
Research, N. Y. 


ported in detail previously(3). The small 
digital calorimeter illustrated consists of a 
polished aluminum cup, filled with approxi- 
mately 40 cc of water. The cup is placed in a 
glass wool insulator. <A resistance wire is 
placed inside the cup to compensate for heat 
loss(5,7). The cup is covered tightly with a 
rubber membrane with apertures for air vent, 
Beckmann thermometer, heating unit, and 
finger tip. The apertures are designed to 


prevent leakage of water and avoid contact 
between the digit and thermometer or inner 


FIG. 1. Small digital calorimeter for infants. 


DicitaL Broop Flow MEAsuRED CALORIMETRICALLY 


TABLE I. Digital Blood Flow in the 20 Newborn 
Infants 24 to 48 Hr of Age. 


Digital blood 


F Weight Hemato- flow 
Age (hr) (ib> oz’) erit (%) (ee/em?/min. ) 

24 6 3 50 13 
25 ies lt o7 14 
NY 6 3 48 .09 
24 6 7 57 09 
i 6 if 6 .09 
7 1 60 .06 

6 4 D7 .06 

30 6 + 47 08 
25 7 6 62 .O7 
24 Gale a) .06 
29 6 8 65 .O7 
32 Go Sii4 53 13 
24 6 2 5] .10 
33 if 4 59 .06 
25 O) a aD) 56 08 
3o yal 58 10 
48 fe iK®) 43 .09 
‘ S is 51 abs} 
Spoesalal 44 til 

29 6 6 50 .08 


Avg .09 + .03 


side of cup. An air vent through a small glass 
tube has been found useful to prevent splat- 
tering of water. The water is stirred by a 
magnetic stirrer. 

Blood flow is usually measured with this 
calorimeter after vasodilatation by indirect 
heating(6). The infant is placed in an elec- 
tric bunting blanket until the onset of sweat- 
ing(3). Rectal temperature is taken before 
and after period of indirect heating. Room 
temperature is constant. The distal phalanx 
of right middle finger is used. (Fig. 1). Blood 
flow is computed from the following formulae: 


(Ati + Ate) (m+ e) 
De $a (ete) 


Where Q = blood flow in cc/sq cm/min. 

At, = rise in temperature of calorimeter in 
C°/min. with fingertip inserted. 

Ato = fall in temperature/min. in C° due 
to difference between calorimeter and room 
temperature, a cork replacing the fingertip. 

m = vol. or wt of water in cup. 

e = hydrothermic equivalent of cup, ther- 
mometer bulb mercury, metal, if any, of 
stirrer, and fingertip. 

p = specific heat of blood. 

¢ = specific gravity of blood. 

a = surface area of fingertip in sq cm. 
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t; = temp of arterial blood (mouth temp 
minus 0.6 C°). 

t, = temp of venous blood (avg calorimeter 
temp). 


Results. Digital blood flow was measured 
calorimetrically in twenty newborn infants, 
24 to 48 hours of age (Table I), and in 20 
newborn infants 4 to 5 days of age (Table II). 

From 24 to 48 hr age the average digital 
flow, after inhibition of sympathetic nerve 
discharge by indirect heating, was 0.09 cc/ 
sq. cm/min. with a standard deviation of 
+ 0.03. At ages 4-5 days the average digital 
flow was 0.13 cc/sq cm/min. standard devia- 
tion + 0.04. Note there is an increase of 
flow in the later period. 

In the adult, average digital flow is 0.29 
cc/sq cm/min. with range 0.25-0.38 cc/sq 
cm/min. Blood flow per unit skin surface in 
the newborn is less than in the adult probably 
because of high viscosity of the blood (high 
hematocrit) (8) and low arterial blood pres- 
sure. Whether differences in vascular caliber 
are an additional factor is unknown. The 
slow blood flow may be a contributory factor 
to the frequently encountered peripheral cy- 
anosis in the newborn and premature infant. 

Average value for effective renal plasma 
flow in young infants has been found to be 


TABLE II. Digital Blood Flow in 20 Newborn 
Infants 4 to 5 Days of Age, 11 9 and 9 ¢@. 
Digital blood 
Weight Hemato- flow 
(Ib 0z) erit (%)  (e¢/em?/min.) 
6 8 41 12 
6 5 53 16 
6 5 40 .08 
6 7 56 .10 
6 9 42 09 
7 6 59 12 
8 4 55 22 
5 7 48 11 
6 14 51 SHI 
6 4 46 08 
6 9 60 10 
7 2 42 14 
On aS 58 09 
5 14 46 17 
6 14 48 18 
Sells 58 20 
i 9 58 09 
7 tf 58 12 
8 2 48 16 
8 3 65 all 
Avg 13+.04 
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only 20 to 40% of adult values(9). This 
compares closely with our findings for per- 
ipheral blood flow in the newborn infant as 
related to the adult. 

Summary. 1. A method for determining 
digital blood flow after indirect heating in the 
newborn infant is described. 2. Average digi- 
tal blood flow in the newborn infant was 0.09 
cc/sq cm/min., standard deviation + 0.03 
within the first 48 hours of life. Average flow 
at 4 to 5 days was 0.13, standard deviation 
+ 0.04. Average digital blood flow in the 
adult is 0.29, range 0.25 to 0.38 cc/sq cm/ 
min, 


Synthetic Media for Pleuropneumonialike Organisms.* 
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Differentiation of pleuropneumonialike or- 
ganisms from other microorganisms is par- 
tially dependent upon elucidation of their 
nutritional requirements. Successful cultiva- 
tion of these organisms has been achieved only 
on complex media supplemented with serum 
proteins. The serum requirement has been 
identified as a lipoprotein(1-3). Development 
of a synthetic substitute for the basal medium 
(4) for some strains was accomplished. 

Methods. Stock strains of pleuropneu- 
monialike organisms of human and animal 
origin were employed. The commercial syn- 
thetic medium, TC medium No. 199 developed 
by Morgan e¢ al.(5) was obtained from Difco 
Laboratories. Modifications of this medium 
were prepared with compounds obtainable 
commercially. Fraction A of bovine serum(1) 
and the purified lipoprotein(3) were prepared 
in this laboratory. All media were sterilized 
by autoclavng at 115°C for 10 minutes after 
adjustment to pH 7.8. Solid media contained 
1.5% Difco agar. Agar obtained in different 
lots from Baltimore Biological Laboratories 


* This work supported in part by contract be- 
tween the Office of Naval Research, Microbiology 
Branch and the University of Pennsylvania. 


was found to be inhibitory. Liquid and some 
solid media were inoculated with saline sus- 
pensions of organisms prepared by grinding 
agar blocks from 3-day-old cultures. Some 
solid media were inoculated with agar blocks 
from 3- to 5-day-old cultures. Incubation was 
carried out at 37°C for 3 to 5 days. Assay of 
growth was, at best, empirical. The amount 
of growth was compared with optimal growth 
on the crude stock medium. Growth equiva- 
lent to the optimal was recorded as 4+, in- 
creasingly poorer growth as 3+, 2+, + and 
no growth as 0. Growth in liquid media was 
determined by subculture on to Bacto PPLO 
agar. Generally, an estimate of activity of 
a growth factor could be obtained by deter- 
mining the level required to get optimal 
growth. When agar blocks were used as in- 
ocula only growth occurring outside of the 
zone of diffusion was estimated. Subculture 
from the initial plate of synthetic medium to 
another plate of the same medium was em- 
ployed to verify the adequacy of any given 
synthetic medium. 


Results. Several synthetic media com- 
monly employed for the cultivation of lacto- 
bacilli, when supplemented with fraction A or 
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the lipoprotein growth factor, failed to sup- 
port growth of any of the strains. Enzymatic 
or acid hydrolysates of casein could not re- 
place the peptones which are satisfactory for 
cultivating pleuropneumonialike organisms. 
Since these media were unsatisfactory, the 
commercial TC medium No. 199, employed as 
a substitute for serum ultrafiltrate in tissue 
culture, was tried. All of the stock strains 
were inoculated into this medium either in the 
liquid or solid state. Only 2 strains, Campo 
and SF 29t (Group I), were found to grow 
on this medium when solidified with agar and 
supplemented with fraction A or with the 
lipoprotein. The lipoprotein in this medium 
for these 2 strains could be replaced by a 
combination of 0.00005% oleic acid or Tween 
80 and 1% charcoal (Norit) or soluble starch. 
In no instance would any combination of these 
substances replace the lipoprotein for other 
strains. The Campo strain has been reported 
to have changed its properties over a period of 
years(3). The SF 29 strain possesses proper- 
ties similar to the Campo strain e.g., turbidity 
in liquid culture, ease of transfer with a loop 
or needle, and rapid growth. The inability of 
the TC medium No. 199, supplemented with 
the lipoprotein, to support the growth of the 
other strains of pleuropneumonialike organ- 
isms indicated that either the synthetic base 
was toxic or lacked some additional growth re- 
quirement. Therefore this medium was sup- 
plemented with varying levels of Bacto-pep- 
tone, yeast extract, or infusion from beef 
heart. Strains 07, 39 and Lomax (Group IT) 
were found to grow suboptimally on the me- 
dium supplemented with either the infusion 
or peptone but very poorly with the yeast ex- 
tract supplement. The best growth was ob- 
tained with the peptone supplement. The 
remaining strains, 48, 60, 110, and Smith 
(Group III) would grow only when supple- 
mented with both infusion and peptone. On 
this basis the stock strains were divided into 
the 3 nutritionally different groups. The dif- 
ficulties encountered in propagating pleuro- 
pneumonialike organisms on synthetic media 
prompted the selection of Group II for initial 


t Strain SF 29 was obtained from Dr. G. R. Carter, 
Ontario Veterinary College, Guelph. 
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TABLE I. Effect of Varying Concentrations of 
Peptone or Its Ash on Growth of Strain 07 in 
Synthetic Medium. 


% peptone or ash* Relative growth 


He Go bo 
+ 


OS 
iS) 
+H 


1.0 0 


*The ash of Bacto-peptone was added in con- 
centrations equivalent to the original peptone. 


study rather than the more nutritionally com- 
plex Group III or the variable Group I. 

Modification of the TC medium No. 199 by 
elimination of l-cystine, dextrose and the fat 
soluble vitamins, substitution of cytidine for 
thymine, cholesteryl laurate for cholesterol, 
and ribonucleic and desoxyribonucleic acid for 
ribose and desoxyribose and addition of 5 mg 
per liter of animal lecithin and 1 g per liter 
of ethanol permitted better growth. Both 
liquid and solid media supported equal growth. 
The peptone, rather than the infusion of beef 
heart muscle, was selected as the supplement 
for fractionation work because of its greater 
uniformity and better growth promoting quali- 
ties. Fractionation of the peptone showed 
that the ash contained the absolute require- 
ment. Use of the ash as the sole supplement 
permitted 3-++ growth. Addition of varying 
levels of the peptone or its ash revealed a zone 
of deficiency at low concentrations, a zone of 
optimal growth at medium concentrations, and 
a zone of inhibition at higher concentrations 
(Table I). 

The presence of the growth requirement in 
the ash of the peptone and the growth be- 
havior with varying levels of peptone or its 
ash were suggestive of a metal requirement. 
Subsequently 18 different metal salts were 
substituted at varying levels for the ash. The 
following cations were found to be inactive 
in supporting growth: Ag+, Alt ++, Batt, 
Cre ee Cut Berea, Het+, Tite 
Mot+++, Mn++, NH,+, Nit +, Ppt+ 
and Tl+. Since Fe*+* was present in the 
synthetic medium, this addition merely repre- 
sented an increase in concentration. Cd*T, 
Cot+, and Zn*~* were found to permit very 
poor growth. The addition of Sn*~ resulted 
in growth almost equivalent to that given by 
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TABLE II. Composition of a Minimal Synthetic 


Medium which Supports Growth of Select Strains 
of Pleuropneumonia-Like Organisms. 


Compound Quantity/liter 


Lipoprotein factor 
L-arginine 70 
L-aspartie acid 60 
L-cysteine 1 
L-glutamie acid 75 
L-glutamine 100 
DL-isoleucine 40 
L-methionine 15 
DL-phenylalanine 50 
DL-tryptophane 20 
Adenosine triphosphate 1 
Guanine a) 
Hypoxanthine - 
Ribonucleic acid ) 
Desoxyribonuelei¢ acid 5 
Choline 5) 
Biotin : 
Folic acid OL 
Ca pantothenate OL 
Pyridoxine .05 
Thiamin 01 
Cholesteryl laurate 10 
Lecithin 5 
Sodium acetate 50 
Ferric nitrate a) 
6.6 g 
400 mg 


500 mg 


Sodium chloride 

Potassium chloride 

Calcium chloride 200 

Magnesium sulfate 200 

Monosodium phosphate 140 

equivalent to 5 g of 
peptone 


Ash of Bacto-peptone 


the ash. Combinations of the active cations 
gave no additional stimulation of growth. 
Complete replacement of the peptone ash has 
not yet been accomplished. 


With the ash of peptone as the supplement, 
each organic component of the medium was 
deleted singly. A combination of those com- 
ponents whose deletion prevented growth from 
occurring constituted the second modification 
of the TC medium No. 199. The compounds 
which were found unessential included princi- 
pally amino acids, inositol, ethanol, and p- 
aminobenzoic acid. 


A third modification of the TC medium No. 
199 demonstrated that several additional com- 
pounds could be eliminated, principally 
purines and pyrimidines. Table II presents 
the final modified synthetic medium. Isoleu- 
cine and choline, although not absolute re- 
quirements, permitted better growth to occur. 
The purine and pyrimidine requirements are 
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undoubtedly masked by the presence of de- 
soxyribonucleic and ribonucleic acids. All 
other organic compounds listed in Table I 
appeared to be absolute requirements. How- 
ever, glutamine and glutamic acid are inter- 
changeable. The nature of the growth of the 
strains in Group II on this medium was not 
altered, although it was just suboptimal when 
compared with growth on Bacto-PPLO agar 
with added lipoprotein. A relatively large 
inoculum is required to initiate growth. 


Group I strains exhibited similar growth on 
this medium. Since no deletion experiments 
were carried out with this group it is not 
known whether the synthetic medium in 
Table II represents the minimal requirements 
for these strains. It is known that Tween 80 
and starch can be substituted for the lipo- 
protein. 


Discussion. The development of a syn- 
thetic medium for pleuropneumonialike organ- 
isms has given many clues to their physio- 
logical nature. All strains are not homo- 
geneous in regard to nutritional requirements. 
Although the synthetic medium presented in 
this paper is applicable to only a few strains 
it is likely that other strains will eventually 
be grown on chemically defined media. The 
ability of pleuropneumonialike organisms to 
reproduce on chemically defined media pro- 
vides a more sound and rational basis for stud- 
ies on their metabolism. 


It is of particular interest that these organ- 
isms require no carbohydrate as an energy 
source. Amino acids are the only compounds 
present in the medium in quantity sufficient to 
provide energy. Ribose is present in the nu- 
cleic acids but only at a level of about 4 mg 
per liter. The fact that nucleic acids are a 
definite requirement should be qualified by 
the supposition that nucleosides and nucleo- 
tides might be the actual essential factors. 


Summary. A synthetic medium is described 
which permits almost optimal growth of some 
strains of pleuropneumonialike organisms. 
Generally the pleuropneumonialike organisms 
represent a heterogeneous group in regard to 
nutritional requirements. Amino acids appear 
to serve as the only energy source. Sn++ 
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appears to have some nutritional role in the 
growth of these organisms. 
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The finding(1-3) of changes in the number 
and cytology of tissue mast cells after admin- 
istration of ACTH and cortisone has sug- 
gested that the pituitary-adrenal system ex- 
erts a controlling influence on the mast cell. 
In exploring this possibility further we have 
found, in the rat, that hypophysectomy or 
administration of ACTH or cortisone elicited 
small increases in the number of abnormal 
mast cells (as evidenced by vacuolation and 
clumping of cytoplasmic granules) (4). The 
bulk of the evidence indicated, however, that 
the ACTH effect was not mediated by the 
adrenal cortex(4). The present report is con- 
cerned with similar experiments in the Syrian 
hamster. We have found marked changes in 
the number of abnormal mast cells in the 
mesentery, skin, and cheek pouch as a result 
of ACTH or cortisone treatment. There is 
strong evidence that the ACTH effect is medi- 
ated through the adrenal cortex. 


Methods. Examinations of the behavior of 
the tissue mast cells were made in whole 
mounts(5) of skin, mesentery, and cheek 
pouch of young, adult, male Syrian hamsters 
(100 g) at various times after adrenalectomy, 
hypophysectomy, or treatment with ACTH or 
cortisone. Adrenalectomy was carried out in 
2 stages at least one week apart. Adrenalec- 


* Performed under auspices of the U. S. Atomic 
Energy Commission. 
+t With the assistance of Sally T. Hartig. 


tomized hamsters given either tap water or 
1% NaCl solution to drink died within one 
week. Subcutaneous implantation of 15-mg 
pellets of | desoxycorticosterone acetate 
(DOCA) at time of removal of the second 
adrenal, however, was followed by weight gain 
and prolonged survival. (All survived for 34 
days, the duration of the experiment.) These 
animals had only tap water to drink. Hypo- 
physectomized animals and their controls 
were given 20% sucrose solution to drink. 
In addition to the regular diet of Rockland 
checkers, given to adrenalectomized and con- 
trol animals, hypophysectomized animals had 
access to orange slices, lettuce, bread, and 
ground meat. Tissues were fixed in alcohol 
and stained with toluidine blue as previously 
described(5). Tissues from intact or mock- 
operated controls were simultaneously studied. 
Mast cell counts were done on the stained tis- 
sues, note being made of normal cells and 
atypical cells (degenerated cells with vacuoles 
and clumped granules)(5,6). On a single 
slide from each animal, 30 contiguous fields, 
0.0676 mm? each, were counted at a mag- 
nification factor of 264. 


Results. The only change in mast cells 
which could be identified with certainty was 
an increase in the number of cells showing 
vacuolation and conglomeration of cytoplas- 
mic granules. These alterations were similar 
to those previously found in irradiated ani- 


632 


mals(5-7), and under a variety of conditions 
(1,2,8-11). In none of the present studies 
were there statistically significant changes in 
total mast cell number. 

Neither adrenalectomy nor hypophysec- 
tomy was followed by changes in mast cells. 
At 1, 2, and 4 days after removal of the sec- 
ond adrenal, groups of 3 adrenalectomized 
and 3 control hamsters (both given 1% NaCl 
to drink) were examined. The total number 
of mast cells per 2.028 mm? of mesentery var- 
ied between 195 and 256 in adrenalectomized 
animals and between 203 and 229 in controls, 
the per cent abnormal cells being 0.0-0.9 and 
0.4-1.8 respectively. Similarly, no changes 
were found in the cheek pouch or skin. In a 
like experiment, in which animals were given 
only tap water to drink, similar results were 
found. Hamsters implanted with DOCA at 
the time of the 2nd operation and allowed 
only tap water to drink also failed to show 
alterations in the mast cells. Groups of 3 to 
6 animals were examined at 1, 3, 6, 9, 13, 20, 
27, and 34 days after adrenalectomy and 
DOCA implantation. The number of mast 
cells counted per 2.028 mm? of cheek pouch 
varied between 335 and 781 in adrenalec- 
tomized and 378 and 797 in mock-operated 
hamsters. The per cent of abnormal cells was 
approximately the same in both groups of 
animals (0 to 1.4% of all cells). Hypophy- 
sectomy was also without effect on mast cells. 
Groups of 3 to 6 animals were examined at 
Dalia te 15,2185 225.29" 32) and=s6.days 
after surgery. The number of mast cells 
counted per 2.028 mm? of cheek pouch varied 
between 403 and 883 in hypophysectomized 
and 341 and 792 in mock-operated animals. 
The per cent of abnormal cells was approxi- 
mately the same in both groups (.1 to .7% 
of all cells). (In both the adrenalectomy and 
hypophysectomy experiments the mast cells 
of the mesentery and skin responded like 
those of the cheek pouch, and therefore are 
not presented.) 

Preliminary experiments showed that sin- 
gle, total-body X-irradiations (250 kv, 0.5 
mm Cu and 3.0 mm Bakelite filters, 26.7 cm 
target distance, 1.5 mm Cu half-value layer 
and 215-225 r per minute) of adrenalecto- 
mized and hypophysectomized hamsters elic- 
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ited increases in the number of abnormal mast 
cells. Thus at 6 days after exposure of 
adrenalectomized (650 r) animals, the per 
cent abnormal cells was 0.9, 5.1, and 10.4 in 
the skin, cheek pouch, and mesentery, respec- 
tively. In the same tissues in the hypophy- 
sectomized hamster (500 r), the per cent of 
abnormal cells was 3.2, 0.6, and 13.3 at 3 
days. 

The results of administering cortisone and 
ACTH are presented in Table I. Both hor- 
mones elicit marked increases in the per cent 
of abnormal mast cells but do not significantly 
alter the total number of mast cells. In each 
case the most pronounced effect is in the 
mesentery. The ACTH experiments indicate 
that the degree of response is related to the 
dosage of hormone injected. Like results were 
found in another experiment in which ham- 
sters were treated similarly with ACTH and 
cortisone. 

Table I shows that, after adrenalectomy 
ACTH administration calls forth no increase 
in the number of abnormal mast cells in any 
of the tissues examined. 

Discussion. Failure to find any influence 
of either adrenalectomy or hypophysectomy 
upon the mast cells strongly indicates that 
the maintenance of a normal mast cell popu- 
lation in the hamster does not depend upon 
an intact pituitary or adrenal. We have pre- 
viously reported similar results and conclu- 
sions for the rat(4). Preliminary data show 
that the response to X-irradiation does not 
seem to depend upon the presence of the 
adrenal or the hypophysis. Definite increases 
in the per cent of abnormal cells follow X- 
irradiation of the adrenalectomized or hypo- 
physectomized rat(4). 

The increase in the number of abnormal 
mast cells after both ACTH and cortisone 
treatment strongly suggests that the mast 
cells of the hamster are under the influence 
of the pituitary-adrenal system. Failure to 
find increases in the number of abnormal cells 
after ACTH administration to adrenalecto- 
mized hamsters indicates that the ACTH ef- 
fect is mediated by the adrenal cortex. 

There are marked differences between the 
responses of the rat and hamster mast cells 
to the administration of cortisone and ACTH: 
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TABLE I. Influence of Cortisone and ACTH upon Mast Cell Number in the Hamster. 


Skin — -——Mesentery—. ,— Cheek pouch ~ 
Total % Total % Total % 
Days of No.of abnormal No.of abnormal No.of abnormal 
Treatment treatment cells* cells* cells cells cells cells 
I. Intact animals . 
Cortisone—200 mg/kg/ 1 335t 4.2 261 Aa 675 tel! 
day, subeut. 2 496 10.3 188 64.4 601 13.1 
3 325 10.8 205 57.1 735 16.5 
+ 347 25.6 203 59.1 606 10.2 
Control — 500 ileal 283 2.1 634 2.5 
ACTH 
80 1.U./kg/day, subeut. 1 381 2.1 338 1.2 631 .6 
2 389 3.9 282 3.9 1128 1.6 
3 566 4.1 254 24.4 1080 1g) 
400 I.U./kg/day, subeut. 1 329 9.4 452 41.1 948 3.1 
2 330 9.3 387 40.2 1031 8.3 
3 275 12.6 287 48.9 743 7.3 
4 340 5.8 331 19.0 668 6.9 
Control —~ 451 8 ule 2.8 824 1.2 
II, Adrenalectomized animals 
ACTH—400 L.U./kg/day, 1 5189 0S 219 A 610 0 
subeut.§ 2 351 0 227 9 660 0 
3 466 0 277 4 548 0 
4 456 0 257 0 402 0 
ACTH—idem, subeut. 1 576 0 212 0 423 0 
Desoxycorticosterone 2 376 3 203 0 535 oll 
acetate pellets (15 mg) 3 523 0 194 0 343 0 
implanted subeut. at 4 667 0 260 0 388 0 
removal of 2nd adrenal 
Control] animals (mock-operated) 
ACTH—400 L.U./kg/day, 1 721 zc) 343 2a 510 1.4 
subeut. 2 416 lh 329 10.3 414 0 
3 552 2.5 325 26.8 521 Way 
4 6.9 51.3 399 4.0 


405 


224 


* Per 2.028 mm? of tissue. 


t Avg of 3 animals per treatment group, 6 animals per control group. 
¢ 12-day interval between first and second adrenalectomies. 
§ ACTH injections started immediately upon removal of second adrenal. 


a) in the hamster, increases in the number of 
abnormal cells are found in mesentery, skin, 
and cheek pouch, whereas in the rat(4) such 
changes were confined to the skin; b) the 
magnitude of the response is much greater in 
the hamster than in the rat(4); and c) 
ACTH is without effect in the adrenalecto- 
mized hamster but causes an increase in ab- 
normal cells in the adrenalectomized rat(4). 
We have no explanation for these species dif- 
ferences. 

It has been reported(12) that daily injec- 
tion of cortisone causes a decrease in the 
number of mast cells in the hamster. The dis- 
crepancy between these and our results might 
be explained on the basis of differences in 
dosage and in duration of treatment. It has 


been emphasized recently(13) that there is 
much variation in total number of mast cells 
per unit area of skin from different regions of 
the back of an individual guinea pig and also 
in samples of skin from the same portion of 
the backs of different guinea pigs. Such high 
variability in total mast cell counts has been 
indicated for the skin and mesentery of the 
untreated rat(4) and is found in the present 
experiments on the hamster. Thus in the con- 
trols of the ACTH experiments of Table I 
the ranges of total mast cell counts are 270- 
751, 218-515, 637-1492 for the skin, mesen- 
tery, and cheek pouch respectively. These 
data are typical of the individual variation 
within groups of control and experimental ani- 
mals in this study. 
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In our experience it has seldom been pos- 
sible(6,14) to demonstrate statistically sig- 
nificant changes in total mast cell counts. On 
the other hand, in control animals the per- 
centage of abnormal mast cells is fairly con- 
stant (0-2%) from tissue to tissue and animal 
to animal and changes in this value are 
readily detected. The validity of using in- 
creases in the relative number of abnormal 
cells as criteria of the effectiveness of treat- 
ment affecting the mast cells has been dis- 
cussed previously (4). 


Summary. Mast cell counts were made on 
skin, mesentery, and cheek pouch of Syrian 
hamsters subjected to adrenalectomy, hypo- 
physectomy, and treatment with ACTH or 
cortisone. None of the treatments influenced 
the total number of mast cells. Neither 
adrenalectomy nor hypophysectomy affected 
the number of abnormal (vacuolation and 
conglomeration of cytoplasmic granules) mast 
cells. Both cortisone and ACTH administra- 
tion were followed by increases in the num- 
ber of abnormal mast cells, these being espe- 
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cially great in the mesentery. ACTH was 
without influence when administered to 
adrenalectomized animals. 
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Effect of Cortisone on Plasma Globulins in the Dog—Studies by 


Paper Electrophoresis.* 


(21677) 


ELAINE T. Bossak, CHUN-I WANG, AND Davin ADLERSBERG. 
From Departments of Medicine and Chemistry, Mount Sinai Hospital, N. Y. City. 


A selective elevation of alpha-2 globulin as 
determined by paper electrophoresis was 
noted in plasma of dogs maintained on daily 
injections of cortisone. Cortisone had been 
employed with and without dietary choles- 
terol supplements to study its effects on 
plasma lipids and lipoproteins in this species 
(1,2). To correlate these protein changes 
with any lipid and lipoprotein alterations, the 
following study was instituted: 

Procedure. Plasma was analyzed from 6 
male mongrel dogs (weight 11-22 kg) main- 


* This study was supported in part by research 
grants H-564 and H-982 from the National Institutes 
of Health, U. S. Public Health Service. 


tained on a diet of meat, vegetables and milk 
(Group A). These animals were then placed 
on cortisone under the following experimental 
conditions: Group B consisted of 2 animals 
whose plasmas were studied after daily injec- 
tions of 200 mg of cortisone acetate for 10 
days. Group C represented 4 dogs on daily 
supplements of 8 g of cholesterol U.S.P. (Ar- 
mour) added to the control diet; plasma was 
examined from 2 of these animals after 2 and 
6 weeks of cholesterol-feeding respectively. 
Studies were carried out on plasma from these 
4 dogs after daily injections of 200 mg of 
cortisone for one to 4 weeks: these dogs had 
been maintained on cholesterol supplements 
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TABLE I. Effect of Cortisone with and without Cholesterol Feeding on Plasma Proteins in the 
Dog, Determined by Paper Electrophoresis and Chemical Analysis. 
—oooooownams9s@s@an@pammwaqTxsnumwwuquo?0AS—A—— 


————-Globulins 


ats aN 
A y (+ fi- Total 
No.of Alb. Alpha-1 Alpha-2 Beta brinogen) Alb. Glob. protein 
Group dogs §=——- % of plasma protein- ~ g/100 ml ~ 
A. Control 6 38.8 4.6 Dll 21.1 26.4 Sui 3.7 7.3 
B. Cortisone 2 38.0 2.6 TES 13.4 28.2 3.7 3.4 heal 
C. Cholesterol 2 25.8 4.3 12.8 28.8 28.3 3.4 3.8 W2 
D. Cholesterol + 4 29.7 oe Zann 16.9 26.4 3383 4.1 7.4 
cortisone 


for 6 to 9 weeks at the time of examination 
(Group D). Plasma proteins and lipoproteins 
were determined quantitatively on each in- 
dividual plasma specimen by paper electro- 
phoresis, using Amidoschwarz and Oil Red O 
and densitometric evaluation(1,3). Plasma 
albumin, globulin and total protein were also 
determined by the biuret method. Plasma 
free and esterified cholesterol, phospholipids 
and total lipids were determined by the meth- 
ods of Schoenheimer and Sperry(4) Fiske 
and SubbaRow(5) and _ Bloor(6)_ respec- 
tively. Heparinized plasma from individual 
fasting animals was used for all determina- 
tions. 

Results. Mean values in each group of 
animals for plasma albumin, globulin, the 
various globulin fractions, and fibrinogen as 
well as for total protein are presented in Table 
I. A selective elevation of alpha-2 globulin 
to twice the normal value was noted in plasma 
of 6 animals in Groups B and D which had 
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FIG. 1. Electropherogram of plasma proteins of dog receiving cortisone injections compared 


to normal dog, Graphs 
which have been stained for protein. 
serum. 


received cortisone, alone or with cholesterol 
supplements, as contrasted with 8 in groups A 
and C which did not receive steroids. (Fig. 1). 
This difference is statistically significant, 
p =<.0001. There is an associated drop in 
beta globulin, p = 0.034. This shift in plasma 
globulin distribution occurred in the absence 
of hypoalbuminemia or change in total pro- 
tein. 

Lipoprotein profiles and lipid partitions for 
each group are presented in Table II. Mod- 
erate elevation of plasma lipid fractions and 
slight increase in beta lipoprotein was noted 
in plasma of dogs on cholesterol supplements 
(Group C). The elevation of plasma lipids 
was more marked when cortisone was added 
(Group D) and reversal of the lipoprotein 
profile occurred(1). No significant changes 
of lipids or lipoproteins were observed in 
plasma of dogs on cortisone alone (Group B) 
for the duration of the present study. 

Discussion. Previous observers have noted 
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are obtained by densitometric evaluation of paper strips placed below 
Arrow in graph represents the point of application of the 
For details, see text. 
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TABLE II. Alterations in Plasma Lipoproteins (Paper Electrophoresis) and Lipid Partition 
(Chemical Analysis) in Cortisone-Treated and Cholesterol-Fed Dogs. 


Lipoproteins Cholesterol Phospho- a 
Alpha Beta* Jesters lipids Total lipid 
Group % of total stainable lipid —meg/100 ml1———,, 
A. 67.8 32.2 172/128 323 780 
B: 72.2 27.8 170/128 303 740 
C. 62.5 37.5 307/226 437 1000 
D. 46.6 53.4 526/359 608 1671 


* Beta lipoprotein includes the fraction adsorbed at the origin (0 fraction). 


similar elevation of alpha globulin, deter- 
mined by moving boundary electrophoresis, 
in plasma of dogs on low protein diets or after 
plasmaphoresis(7). These animals lost con- 
siderable amounts of weight, the plasma al- 
bumin was reduced to one-third normal and 
there were associated lipid elevations which 
were assumed by the authors to be responsible 
for the globulin changes. Similar alterations 
were noted in sera from dogs subjected to 
trauma or tissue destruction by thermal in- 
jury or local irritants(8,9). 

In the present study, globulin changes were 
noted despite absence of weight loss, hypo- 
albuminemia or lipid elevations, and appear 
to be attributable directly to administration 
of cortisone. The alterations previously ob- 
served in protein-depleted or traumatized 
dogs might, therefore, be due to endogenous 
production of corticosteroids as a response to 
trauma. 

Similar effects on serum globulins have not 
been observed in man under cortisone ther- 
apy(10). No alteration of globulin pattern 
has been observed in plasma from rabbits 
maintained on cholesterol supplements plus 
cortisone despite marked hyperlipemia and 
hyper-betalipoproteinemia(1,2). 


Summary.  Cortisone administration to 
dogs is followed by a selective rise in plasma 
alpha-2 globulin and fall in beta globulin 
which is independent of any associated lipid 
changes; this shift in globulin distribution 
has not been observed in humans or rabbits 
receiving cortisone. 
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ELLEN M. Rascu, HEwson Swirt, AND B. S. SCHWEIGERT. 
From Whitman Laboratory, Department of Biochemistry, and American Meat Institute Foundation, 
University of Chicago, Ill. 


Several recent reports have implicated vit. 
By» in the process of nucleic acid synthesis 
(1). Biochemical studies of liver tissue (2,3) 
have shown both desoxyribonucleic acid 
(DNA) and ribonucleic acid (RNA) to be 
decreased per gram of tissue in deficient rats, 
although the total amounts per cell were little 
changed. These data suggest that the reduc- 
tion in liver nucleic acids is associated with 
corresponding increase in other cell compon- 
ents. Stern et al.(4) noted a marked reduc- 
tion of cytoplasmic basophilia (considered to 
be an estimate of RNA) in liver tissues of By5- 
deficient weanling rats, and a change in the 
structure of the basophilic liver cell inclusions 
was observed by Stenram(5). In a study 
by Popper e¢ al.(6) many of the histological 
changes in rat liver found to accompany car- 
bon tetrachloride intoxication were amelior- 
ated by supplementing diets of treated animals 
with By. In particular, the commonly ob- 
served depletion of cytoplasmic basophilia 
after administration of CCl, was only half as 
great in supplemented as in deficient animals. 
Similar findings were reported by Mushett(7). 

Wang et al.(8) in histological observations 
of several tissues from Bj.-deficient and sup- 
plemented rats, detected marked degenerative 
changes in thyroid and testis, although no dif- 
ferences were apparent in liver, muscle, or 
bone marrow. Liver tissues from these same 
animals were utilized for the present study. 
It was felt that quantitative determinations 
of nucleic acids and proteins made on single 
cells might aid in understanding the complex 
changes accompanying vitamin Bj» deficiency. 

Methods. Male weanling albino rats of the 
Holtzman strain were fed a corn-soybean oil 
basal diet plus 0.06% iodinated casein, either 


* Supported in part by National Cancer Institute 
Grant C-1612, the Abbott Memorial Fund, and the 
Division of Biology and Medicine of the Atomic 
Energy Commission. 

Journal paper No. 112, American Meat Institute 
Foundation. 


with or without the addition of 50 yg of vit. 
Bio per kg of diet after a 2 week depletion 
period, as previously described(2,8). The ex- 
perimental period was 6 weeks. Exp. I in- 
cluded 2 supplemented and 2 deficient rats, 
and 2 other animals which were kept on the 
deficient diet for 4 weeks and then given the 
supplemented diet for 2 weeks to test for re- 
covery effects. Exp. II included 5 supple- 
mented and 4 deficient rats. Immediately 
upon sacrificing the animals, liver samples 
were fixed in 10% neutral formalin and also 
in 3:1 alcohol-acetic acid, processed through 
a benzene-paraffin schedule, and sectioned at 
appropriate thicknesses. 


1. DNA was estimated by microphotomet- 
ric measurement of individual, whole Feul- 
gen-stained nuclei at 560 mp with light from 
a Beckman Model DU spectrophotometer, as 
previously described(9). Each Feulgen unit 
(Table I) contains approximately 3 x 10° 
mg DNA. Sections for measuring were 
mounted in oil of proper refractive index 
(1.564). 2. The frequency of polyploid 
classes for each sample was determined by 
scoring uncut Feulgen-stained parenchymal 
nuclei within random fields(10). The ob- 
server’s accuracy, when tested against photo- 
metric measurement of all whole nuclei with- 
in such a field of liver tissue following the 
visual estimate, was 100%. Between 500 and 
1000 nuclei were so scored for each sample. 
In addition, the relative frequency of binu- 
cleate cells in the liver of each animal was 
estimated by counts of 1500 to 2000 cells per 
sample. Observations were made on 18 pu 
Feulgen-fast green preparations, and only 
cells with whole nuclei were scored.  Fre- 
quencies are slightly lower than the true 
value, since nuclei of a small number of bi- 
nucleate cells are separated in the process of 
sectioning. 3. RNA levels per cell were esti- 
mated by measuring amounts of Azure B dye 
binding at pH 4.0(11), in 6 p» sections of liver 
which had been treated with desoxyribonu- 
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TABLE I. Effect of Vit. B,. Deficiency on Rat Liver Cell Constituents. 


Control Deficient Recovery 
— By 4 wk 
+ B,. 6 wk — By. 6 wk + By2 ” 
Animal No Cr C; Mean EK, EK, Mean Hs EH, Mean 
Vol 
Total non-parenchymal 19.6 20.8 20.2 20:9 22:2. 21.6* 24.1. 25.3 24.7 
elements (%) 
Cytoplasmic (,’) 980 1050 1015 1695 1500 1598* 1528 1435 1481 
Nuclear (y*) aed  altsisy — aliyps: 196 172 189 valay Alas} ikea 
DNA 
Rel. amt per tetraploid 4.0 4.0 40+ .12 4.1 4.1 41+ .10 4.0 4.1 4.0 + .10 
nucleus 
Cytoplasmic RNA 
Cone.(Efor5 section) .423 .390 .406 ls Byles, Aajlioye sais opBy  atey 
Rel. amt per cell 4] 410 412 542 475 508* 564 565 564 
Cytoplasmie protein 
Cone. (E for 5 wsection) .159 .161 .160 162 .168 .165 162 .162 .162 
Rel. amt per cell 5 OOO Mmmm 274 252 263* 248 233 240 


* Difference between deficient and control significant below .05 


t ‘i ss recovery and deficient 
clease (Worthington, crystalline, 0.2 mg/ml, 
pH 6.5, 1 hour, 25°C) prior to staining. The 
specificity of Azure B for the remaining RNA 
was tested by the complete removal of cyto- 
plasmic basophilia following ribonuclease di- 
gestion (Armour, crystalline, 0.2 mg/ml, pH 
6.5, 2 hours, 30°C). Enzyme treated and ap- 
propriate control slides were stained back to 
back. Photometric determinations were made 
at 590 mp, the wavelength of maximum light 
absorption. Twenty areas, each 20 p» in di- 
‘ameter, were randomly selected from 5-8 sec- 
tions of each liver sample. Section thickness 
was determined on folds immediately adja- 
cent to the measured areas; extinctions were 
corrected for variations in section thickness. 
In the present tissues, photometric error due 
to irregular dye distribution was found to be 
small. When 4 control liver sections were 
measured by both conventional and the 2 
wavelength method(12), means of 20 meas- 
urements for each section agreed within 7%. 
It was thus felt that the more tedious two- 
wavelength method, which practically elim- 
inates the distributional error, was not neces- 
sary here. 4. The Millon reaction for tyro- 
sine was used as an estimate of total protein 
(13,14). Sections were mounted in oil (R.1. 
1.584) to eliminate non-specific light loss due 
to scatter. Measurements were made at 500 
my, the visible light peak of the Millon- 


level. 
”? ”? 


05 


tyrosine chromophore. Tissues were sampled 
as described above. 5. The periodic acid 
Schiff reaction for glycogen(15) was _per- 
formed on 5 p sections of each sample after 
formalin fixation. Saliva blanks were used 
to check specificity. No quantitative data 
were obtained. Visual estimates provided 
rough approximations of concentration levels. 
6. Nuclear volumes were determined by di- 
rect measurement of Feulgen-stained liver 
parenchymal nuclei, and the average cytoplas- 
mic volume for each sample was then esti- 
mated by the Chalkley method(16). Values 
given are based on averages from 40 or more 
measurements of liver nuclei and from over 
1000 Chalkley “hit” scores on each liver sam- 
ple. Relative amounts of RNA and protein 
per cell were calculated from these volume de- 
terminations and the measured extinctions. 
Results. Basophilic components of paren- 
chymal cell cytoplasm tended to be more 
evenly distributed and diffuse in livers of vit. 
Bio deficient animals when compared to the 
normally compact and clumped appearance 
of basophilia in control samples. No marked 
changes in appearance, location, or size rela- 
tionships of nuclei or nucleoli were observed. 
From Chalkley ratios, a significant increase 
in non-parenchymal tissue elements, primarily 
tissue space, was found in both deficient 
groups when these were compared to controls. 
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The following observations are limited to par- 
enchymal cells which in all samples consti- 
tuted between 75 and 80% of the total liver 
volume. 

Results from Exp. I are summarized in 
Table I. Nuclear volumes of parenchymal 
cells showed no change in deficient livers. 
Relative amounts of DNA-Feulgen deter- 
mined for single tetraploid nuclei were un- 
changed. The most striking change found in 
deficient livers was a significant increase in 
mean cytoplasmic volume. RNA (Azure B) 
showed a decrease in concentration of 20%, 
although estimates of total protein (Millon) 
demonstrated no differences in concentration 
between control and deficient livers. These 
data are in agreement with our previous find- 
ings(2,3). When corrections for the greatly 
increased cell volumes were considered, how- 
ever, a 23% increase was found in average 
amount of RNA per cell and a 56% increase 
in the average amount of protein per cell. 
Glycogen concentration of parenchymal cells 
showed a 2-fold increase in experimental ani- 
mals. 

Livers of animals with 2 weeks of recovery 
after 4 weeks of deficiency showed, except for 
a further increase in RNA and protein, essen- 
tially the same picture as found for animals 
deficient for the entire experimental period. 

Table II gives polyploid frequencies of de- 
ficient and supplemented rats from Exp. I 
and II. Deficient animals show significantly 
higher frequencies of diploid and lower fre- 
quencies of both tetraploid and octaploid nu- 
clei. Associated with the increased frequency 
of diploid nuclei was a mean increase of 63% 
in the occurrence of binucleate cells. Table 
II also gives the average amount of DNA per 
nucleus computed from the polyploid fre- 
quencies, assuming that each diploid chromo- 
some set contains 6 x 10° mg of DNA. The 
amounts of DNA per parenchymal nucleus 
averaged 6% lower in deficient animals, as a 
result of the lower frequencies of tetraploid 
and octaploid nuclei. 

Discussion. The clearest single effect 
found in animals placed on a By». deficient 
diet was the marked increase in total protein 
per liver cell. There are two suggested func- 
tions of vit. Bj. which might account for these 
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TABLE II. Effect of Vit. B,. Deficiency on Rat 
Liver Polyploid Frequency. 


Soga 
Polyploid class (%) Sia 
Animal Tetra- Octa- 16- -3 os ) 
No. Diploid ploid ploid ploid 4 2R= 
Deficient 
E 6 7.9 84.2 7.9 0 12.4 
i Deis NSS 4.9 0.3 11.3 
10 18.6 79.3 2.1 0 NET 
11 nies 82.6 Did 0.3 11.6 
12 23.8 TSE 0.5 0 10.7 
3 15.8 77.6 6.7 0 11.9 
Micon 168257 Se550 46 0.1 11.6t 
Control 
OA 8.2 84.8 6.8 0.2 12.4 
5 8.6 82.0 9.1 0.3 1207 
6 5.9 86.2 7.6 0.3 12.7 
ia Oell 89.3 5.6 0 12.4 
8 (2) 86.8 6.0 0 12:3 
9 14.1 80.3 5.6 0 11.9 
10 8.7 84.6 6.4 0 12.4 
Mean) 8:2") 84.9%" © 6.7 0.2 12.4¢ 


* Difference between deficient and control signi- 
ficant below .01 level. 

+ Difference between deficient and control signi- 
ficant below .05 level. 


results. Hartman ef al.(17) concluded that 
By» is associated with protein utilization. In 
this and previous(2,8) studies on By. metab- 
olism, a thyroid stimulant, iodinated casein, 
was added to the food to obtain a clear effect 
of dietary By. deficiency. As shown by Wang 
et al.(8) the iodinated casein diet, with or 
without vit. By. supplements, produced some 
degeneration of rat thyroid tissue. The in- 
crease in liver protein found may thus involve 
the combined effects of altered thyroxin and 
By,» levels, both of which may lower the rate 
of protein catabolism in the deficient animals. 


The protein increase may, on the other 
hand, be associated with cell hypertrophy 
arising in response to a block in mitosis and 
normal cell replacement. Total cell number 
has been shown to be greatly reduced in livers 
from deficient as compared to supplemented 
animals, while the total organ weight re- 
mained unchanged(2). Cell replacement after 
partial hepatectomy was also markedly inhib- 
ited(3). These findings support the conclu- 
sions of other workers that vit. By. may be 
involved in DNA synthesis. A doubling of 
the DNA complement of a nucleus normally 
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precedes somatic cell division(9,10). Thus 
any reduction in rate of DNA _ synthesis 
should be associated with a reduced rate of 
cell replacement. 

An inhibition in DNA synthesis might also 
be expected to change the frequencies of poly- 
ploid classes and binucleate cells, particularly 
in young animals in which the maximum num- 
ber of higher polyploid nuclei was not yet 
reached. Polyploid nuclei in liver are thought 
to arise during division of binucleate cells, 
from fusion of two mitotic figures(18,19). 
The larger number of binucleate cells and 
higher frequency of the lower polyploid 
classes reported here for the deficient animals, 
are both accountable in terms of mitotic in- 
hibition. Further study of this problem is 
in progress. 

Summary. Cytochemical studies on liver 
tissue from rats fed vit. By,s.-deficient or sup- 
plemented diets for 6 weeks have indicated 
the following: (1) Total protein showed no 
change in concentration, but a marked in- 
crease in amount per cell, correlated with sig- 
nificant increases in mean cytoplasmic volume 
for livers of deficient animals. (2) RNA, de- 
termined with Azure B binding at pH 4.0, 
showed a decrease in concentration, but an 
increase in amount per cell. (3) DNA, deter- 
mined photometrically on Feulgen-stained 
nuclei was unchanged in amounts per single 
tetraploid nucleus when compared with B,>:- 
supplemented controls. (4) The average 
amount of DNA per nucleus, when calculated 
from data on polyploid class frequencies, av- 
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eraged 6% less than controls, associated with 
a higher frequency of diploid nuclei. 
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A sensitive, high-frequency balance which 
is adapted to record optically has a large 
number of possible applications in physiologi- 
cal research. The balance described here op- 
erates on a simple mechanical principle and 
may be constructed easily and at little ex- 
pense. The response is linear over an ex- 
tremely wide range, and the sensitivity and 
frequency may be adjusted rapidly to meet 
changing requirements. 

Mechanical features. The essential me- 
chanical components of the recording balance 
are depicted in Fig. 1. A flat steel spring (S) 
is rigidly mounted at its base (B). A lever 
arm (L) is connected to the free end of the 
spring, and pivots about a fulcrum (F) situ- 
ated at an optimum distance from its point of 
attachment to the spring. The object (W) 
to be weighed may be supported by or sus- 
pended from the lever arm at any desired 
position along its length. The entire system 
is damped by connecting a disc (D) to a 
vertical shaft which is attached rigidly to the 
point of junction of the spring and lever arm. 
The disc is immersed in a liquid of suitable 
viscosity. The strain imposed upon the spring 
by the weight, W, is assessed by recording the 
deflection of a beam of light by a mirror (M;) 
mounted at the free end of the spring. Optical 
system. The vector of force exerted by the 
weight upon the spring is, of course, down- 
ward. Since the apertures of most optical 
kymographs are oriented in a horizontal plane, 


FIG. 1. Schematic representation of principal 
mechanical components of the recording balance. 


* This investigation was supported by research 
grant H-1451 from the National Heart Institute, 
National Institutes of Health, U. S. Public Health 
Service. 


IMEC is 


Schematic representation of the optical 
system. 


with the paper moving vertically, the optical 
system is designed to convert a vertical dis- 
placement of the spring into a horizontal de- 
flection of a beam of light at the camera 
aperture. A simple arrangement which ac- 
complishes this end is illustrated in Fig. 2. 
A single, narrow-filament lamp is mounted so 
that the filament (FIL) lies horizontally. A 
sound-track exciter lamp is ideally suited for 
this purpose. By means of a telescope (T), 
the image of the filament is directed toward 
the first surface plane mirror (M,) attached 
to the free end of the spring. This mirror is 
mounted at a 45° angle to the horizontal, so 
that the light rays are deflected directly up- 
ward. These rays are interrupted by another 
first-surface plane mirror (M2) which is also 
mounted at a 45° angle to the horizontal. 
This mirror, however, is oriented at right an- 
gles to M,, so that the light rays are reflected 
in a horizontal plane, but at right angles to 
the original light beam as directed by the 
telescope. By means of the combination of 
mirrors M, and Ms, the image of the filament, 
originally horizontal, is focused as a vertical 
line of light at the camera aperture, A. Sec- 
ondly, the line of light at the aperture is made 
to move in a horizontal plane, despite the fact 
that stress upon the spring is exerted as a 
vertically oriented vector. If it is desired to 
alter the direction or increase the length of 
the path of light, one or more first-surface 
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FIG. 3. Registration of flow through a dog’s hind leg obtained with optically-recording bal- 

ance. Lines, from top to bottom, represent arterial pressure baseline (By), venous pressure 

baseline (By), arterial pressure (P,), flow (Q), venous pressure (Py), and time, in fifth-second 
intervals. 


plane mirrors, mounted in a vertical plane, 
may be interposed between Mz and A. 

Physical characteristics. a. Sensitivity. 
The sensitivity may be varied in 3 ways. The 
general order of magnitude of sensitivity is 
regulated by the elasticity of the spring and 
by the length of the path of light. Finer ad- 
justment of sensitivity is readily achieved by 
varying the position of the weight along the 
lever arm. 

The recorded deflection is a linear function 
of the applied stress over the range within 
which the spring obeys Hooke’s law. To en- 
sure linearity, it is desirable to employ a 
spring of a high degree of elasticity; to com- 
pehsate for the resultant low order of sensi- 
tivity, the optical distance may be lengthened. 
When a 20-power telescope is used, an optical 
path of 60 feet may be employed effectively. 
With telescopes of higher power, this distance 
may be increased considerably. b. Frequency. 
Since the recording balance oscillates in ac- 
cordance with the laws of simple periodic mo- 
tion, the frequency of vibration varies as a 
direct function of the square root of the elas- 
ticity of the spring and as an inverse function 
of the square root of the weight supported by 
the spring (weight of mirror M,, plus the 
fraction of the weights of the object and lever 
arm supported by the spring). Therefore, 
higher frequencies may be attained by em- 
ploying a spring of high elasticity and by 
placing the object as close to the fulcrum of 
the lever arm as feasible. To compensate for 
the resulting sacrifice of sensitivity, the length 
of the light path may be increased. Thus, 


the maximum frequency which is attainable 
for any sensitivity is limited chiefly by the 
quality of the optical system. c. Damping. 
The degree of damping is dependent upon the 
viscosity of the liquid in the damping cham- 
ber, and upon the dimensions of the immersed 
disc. In practice, it is recommended that the 
system be slightly underdamped to avoid in- 
troducing any lag in response beyond that de- 
pendent upon the frequency of the apparatus. 

Application as a flowmeter. As an example 
of a practical application, the recording bal- 
ance may be employed as a sensitive flow- 
meter in perfusion studies upon isolated re- 
gions of the vascular bed. Fig. 3 illustrates 
an original record in which the rate of flow 
through the isolated hind leg of the dog was 
registered together with the arterial and ven- 
ous pressures. For this purpose, a flask with 
a sidearm near its bottom was suspended from 
the lever arm (L, Fig. 1) at a suitable dis- 
tance from the fulcrum (F). The sidearm of 
the flask was connected by means of rubber 
tubing to a T-cannula inserted into the fe- 
moral artery. Between flow measurements, 
the rubber tubing was clamped, and circula- 
tion was maintained through the usual chan- 
nels. Just prior to the registration of flow, 
the clamp was removed, and the flask was al- 
lowed to fill with arterial blood. The femoral 
artery was then occluded proximal to the T- 
cannula, and the blood in the flask was forced 
through the leg by exerting an appropriate air 
pressure upon the surface of the blood in the 
flask. Since flow is defined as the time rate 
of change of volume, the flow through the leg 
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is equal to the rate at which the volume of 
blood in the flask diminishes. To convert the 
deflection of the light beam, in mm, to volume 
of blood, in ml, a known volume of blood is 
introduced from a buret into the flask being 
weighed, and the resulting deflection is re- 
corded after each registration. 

In the experiment depicted in Fig. 3, a re- 
cording balance was employed which had the 
following characteristics. The flat spring (S, 
Fig. 1) was 45 mm in length, and had an 
elasticity of 80 g/mm. A 350 cc side-arm 
flask, weighing 180 g, was used as the blood 
reservoir. This flask was suspended from the 
lever arm (L) at a distance of 48 cm from 
the fulcrum (F). The total length of the 
lever arm was 57 cm. For the registration of 
pressure, the camera had to be situated just 
2 M from the optical manometers. However, 
by interposing 3 vertically-oriented plane mir- 
rors at suitable locations between the second 
oblique plane mirror (M2, Fig. 2) and the 
camera aperture (A) it was possible to em- 
ploy an optical distance of 18.3 M for the 
recording balance. The lamp filament (FIL) 
was focused at the aperture by means of a 
20-power telescope. Under these conditions, 
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the loss of 1 ml of blood from the flask re- 
sulted in a beam deflection at the aperture of 
4.33 mm. Since the slope of the flow curve 
(Q) in Fig. 3 is 7.85 mm/sec, this represents 
an arterial inflow of 1.81 ml/sec, at an arterial 
pressure (Py) of 94 mm Hg, and a venous 
pressure (Py) of 3 mm Hg. The natural fre- 
quency of the recording balance, with the 
flask filled with blood, was 9.5 cycles/sec. 
When the flask was almost empty, the fre- 
quency increased to 12.2 cycles/sec. The sen- 
sitivity remained constant over this entire 
range of weight. 


Summary. A sensitive mechanical balance 
is described which records optically the stress 
exerted upon a flat spring. By means of 2 
obliquely oriented plane mirrors, a vertically 
directed strain upon the spring is registered 
as a horizontal deflection of a line of light at 
the camera aperture. The sensitivity and fre- 
quency may be varied readily to meet chang- 
ing requirements. An example is described 
to demonstrate how the balance may be em- 
ployed as a flowmeter in perfusion studies 
upon isolated tissues. 
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In previous communications(1-4) from this 
laboratory marked differences in heart and 
thymus weight between intact and adrenalec- 
tomized rats living in parabiosis were re- 
ported. These observations suggested an un- 
even distribution of adrenal steroids in the 
two partners since these hormones have been 
shown to affect the size of the heart(5) as well 
as of the thymus(6). The present study rep- 


* Present address: University of Minnesota Medical 
School, Minneapolis. 

+ Present address: University of Virginia Medical 
School, Charlottesville. 


resents an attempt at the analysis of adrenal 
steroids in the peripheral blood of intact and 
adrenalectomized parabiotic rats. In addition, 
comparative analyses for adrenal steroids of 
single intact and adrenalectomized rats were 
carried out. The results support the interpre- 
tation of the findings obtained from previous 
experiments of this sort. 


Material and methods. Male and female 
rats of the Sprague-Dawley strain were para- 
biosed as previously described(7). After a 
period of 10 weeks 2 different types of pairs 
were established: Type I both partners left 
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intact, Type II both adrenals removed from 
right partner. All rats were maintained on a 
dog chow ration. The drinking fluid was tap 
water; only the single adrenalectomized rats 
were given a 1% NaCl solution as drinking 
fluid for a period of 8 days. The parabiotic 
pairs of Type II were sacrificed 1, 2, 3, and 
4 weeks after adrenalectomy of the right 
partner, the adrenalectomized single rats one 
week after the operation. Prior to the time 
of sacrifice both parabiotic and single rats 
were fasted for 24 hours. The rats were anes- 
thetized with ether. Arterial blood was drawn 
with a heparinized syringe within the shortest 
possible time from the beginning of anes- 
thesia. The collected blood was centrifuged. 
The blood plasma was kept in a refrigerator. 
Reagents and apparatus. All solvents used 
were redistilled and the silica gel (Davison 
Chemical Corp., Baltimore, Md., Silica gel 
No. 922-08-08-226-T200) was purified as 
described by Sweat(8). Columns of an outer 
diameter of 7 mm and fitted with a stop cock 
were packed over a small layer of glass wool 
with 100 mg silica gel suspended in 5 ml 
chloroform. The columns were washed 5 
times with quantities of 10 ml chloroform be- 
fore sample was added. The two reagents 
employed in the colorimetric determination 
of a-ketols with tetrazolium were prepared 
fresh daily as follows: Reagent 1—0.5 ml tet- 
ramethylammonium hydroxide (10% aque- 
ous - Eastman Kodak) was diluted to 5 ml 
95% ethanol. Reagent 2—25 mg 2-3-5- 
triphenyl tetrazolium chloride (Eastman 
Kodak) were dissolved in 5 ml 95% ethanol. 
Both reagents were filtered with Whatman 
Filter paper #41 and kept well stoppered and 
protected from light. Analytical procedure. 
The procedure of Mader and Buck(9) was 
adapted for use as micromethod. The follow- 
ing steps were carried out: Extraction of 0.5 
ml plasma 3 times with 15 ml chloroform. 
Evaporation of the combined chloroform ex- 
tracts to dryness. Partition of residues 3 
times between 10 ml petroleum ether and 10 
ml 70% ethanol. Combined 70% ethanol 
fractions evaporated, redissolved in 5 ml 
chloroform and chromatographed on silica gel 
microcolumns with 20 ml of 1% and 4% 
ethanol in chloroform. Remainders of evap- 
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TABLE I. Steroid Values of Intact and Adrenal- 
ectomized Parabiotic and Single Rats. 


Wk after Cone. in arte- 

Type* No. in adrenal- rial plasma, 
of rats group ectomy ug/100 ml 

leeuaal 5 0) 83.9 + 9.6T 
I (ues 15 

Poe wel 7 1 131.0 + 4.9 
A 65.9 + 4.3 

IPs AL 5 2 TLOLS 99 
A 49.0 + 4.6 
Payee 4 3 NOW. 8 +5998 
A 46.5 + 5.8 

1 dl 3 4 80.3 + 5.0 
A 40.0 + 4.2 

sie 10 0 716+ 4.3 
Sa 8 1 24.84 4.1 
Sac: 8 0 146.0 +13.5 


* Hach rat is characterized by symbols: P,— 
parabionts of type 1; P.—parabionts of type 2; 
S—single rats; I—intact; A—adrenalectomy. 

+ Mean + S.E. 

fine AC He 


orated chloroform-ethanol portions quantita- 
tively transferred to 1 ml volumetric flasks 
and evaporated to dryness. Chromatographed 
residues redissolved in 0.2 ml 95% ethanol 
and after addition of 20 » of reagent 1 and 
20 of reagent 2 kept in glass stoppered tubes 
protected from light for 20 minutes. Readings 
of samples and blanks in Beckman DU Spec- 
trophotometer at 490 my in Teflon absorption 
cells with an internal diameter of 2 mm and a 
length of 5 cm described by Kirk(10). Esti- 
mation of the combined steroid values of the 
chloroform ethanol fractions from values as 
given by standard solutions of DOC and ex- 
pressed as »g/100 ml plasma (optical density 
of 0.100 equals approximately 0.1 yg steroid). 
In addition, recovery studies of known 
amounts of DOC and cortisone with and with- 
out plasma were carried out. Furthermore, 
the ACTH stimulating effect on the adrenals 
was studied in single rats given intramuscu- 
larly a dose of 1 mg ACTH per 100 g body 
weight twice a day for 2 days and sacrificed 1 
hour after the last injection. 

Results. The results are summarized in 
Table I. As will be noted, there was a trend 
to a gradual decrease in the blood steroid lev- 
els in the adrenalectomized parabionts during 
the consecutive weeks after adrenalectomy. 
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FIG. 1. Effect of adrenalectomy (adrex) on blood 
steroid levels of parabiotie and single rats. 


The blood steroid content of the intact para- 
bionts joined to adrenalectomized parabionts 
was higher than that of partners of intact- 
intact pairs. In all cases the blood steroid 
concentrations were higher for the intact 
parabionts than for intact single rats. On the 
other hand, adrenalectomized parabionts 
showed lower blood steroid values than intact 
single rats. Furthermore, lower blood steroid 
concentrations were observed in_ single 
adrenalectomized rats than in adrenalecto- 
mized parabionts. ACTH injection produced 
a distinct elevation of the blood steroid levels 
in single intact rats. 

Fig. 1 illustrates the effect of adrenalec- 
tomy on the blood steroid levels of parabiotic 
and single rats. Adrenalectomy produced sig- 
nificant decreases in blood steroid concentra- 
tions in parabiotic as well as in single rats. 
Comparison of intact single rats with intact 
and adrenalectomized parabiotic rats reveals 
that their blood steroid levels were lower than 
those of intact parabiotic rats, but higher 
than those of adrenalectomized parabionts. 
The ratios shown for the blood steroid con- 


TABLE II. Recovery of Steroids without and 
with Plasma. 
No. of Amt of steroids 
tests added, pg Avg % recovery 
A. Without plasma 
2 .8 DOC 86 (81- 91)* 
2 .8 Cortisone 91 (94- 88) 
B. With .5 plasma 
3 .8 DOC 97 (90-103) 
2 .8 Cortisone 84 (78- 89) 


* Indicates range of recovery values. 
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centrations indicate an uneven distribution of 
adrenal steroids between the intact and 
adrenalectomized parabionts. 


The results of the experiments in which 
recovery studies of known amounts of DOC 
and cortisone were made are shown in Table 
II. Recoveries of these steroids without 
plasma reveal that elution procedures involve 
practically no losses of steroids. Equally sat- 
isfactory recoveries of known amounts of 
steroids added to blood plasma were obtained. 


Discussion. In attempting to assess the 
physiological significance of these results the 
possibility is to be considered that also some 
unidentified material with an a-ketol side 
chain other than the known unsaturated 
adrenal steroids may have been measured, in 
using the colorimetric determination of a- 
ketols with tetrazolium. The fact that tetra- 
zolium positive material was found in the 
blood of single adrenalectomized rats would 
favor such an assumption, but is beyond the 
scope of discussion because the possible ex- 
istence of ectopic adrenal tissue was not as- 
sessed. The specificity for blood corticoids 
of the method used was not examined in this 
investigation which deals solely with com- 
parisons of groups. Furthermore, in view of 
both the limited sample size employed and 
the considerable variances encountered in this 
investigation, the authors must refrain from 
a discussion of possible sex differences in cor- 
ticoid levels of blood. Finally, the anesthesia 
and the surgical interference, although of only 
a few minutes’ duration, represent another 
source of error. 

Notwithstanding these limitations, the data 
presented herein seem to give direct evidence 
of an uneven distribution of adrenal steroids 
between intact and adrenalectomized para- 
bionts. Such a condition was postulated by 
one of us(3) as the causative factor for the 
different responses of heart and thymus. The 
action of these hormones has been shown to 
involve a decrease in thymus size(6) and an 
increase in heart size(5). At present, no ex- 
planation can be given with respect to the 
underlying mechanism of the downward trend 
of adrenal steroid levels in intact-adrenalec- 
tomized pairs, approaching normalcy in the 
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intact members by the end of the fourth 
week. (Fig. 1). 

Summary. Concentrations of a-ketol ster- 
oids in peripheral blood of intact and adrenal- 
ectomized parabiotic and single rats have 
been estimated. In all cases the corticoid ley- 
els were found lower in adrenalectomized than 
in intact rats whether parabiotic or single. 
The ratios of blood steroid concentrations of 
intact and adrenalectomized parabionts indi- 
cate an uneven distribution of adrenal steroids 
between the two partners. The significance 
of these findings with regard to the traismis- 
sion of adrenal steroids through the parabiotic 
anastomosis has been discussed. 


The statistical analysis of the data by A. M. Hughes 
is gratefully acknowledged. 
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Several investigators have reported a rela- 
tionship between carbohydrate metabolism 
and the sulfhydryl levels in the blood. Chow 
(1) observed that rats on a high carbohydrate 
diet deficient in vit. By. developed hypergly- 
cemia following the ingestion of glucose. The 
administration of vit. B;. corrected this dis- 
turbance. Lazarow(2) reported that gluta- 
thione and cystine protected rats from the 
diabetogenic effects of alloxan. In human 
subjects given ACTH, Conn(3) observed a 
decreased glutathione level associated with an 
increased blood sugar level. 

Procedure. In the present study, repeated 
determinations of the plasma and non-protein 
sulfhydryl levels of the blood were done on 27 
patients with diabetes mellitus, 21 normal sub- 
jects and 10 patients with cirrhosis of the liver. 
Sixteen of the patients with diabetes mellitus 
were studied before and during therapy with 
vit. Byo. The vit. By» was given intramuscu- 


* This research was aided by grants from The 
National Vitamin Foundation and Merck & Co., Inc. 
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larly daily in doses of 1000 »g for periods of 
from 6 to 18 months. Both plasma and non- 
protein (glutathione) sulfhydryl levels were 
determined by an amperometric method(4). 
Blood sugars were done by the Somogyi 
method(5) and serum proteins by paper elec- 
trophoresis(6). 
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FIG. 1. Non-protein and plasma sulfhydryl levels 

in normal subjects, in patients with diabetes melli- 
tus and in patients with cirrhosis of the liver. 
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FIG. 2. Relationship between blood sugar and 
sulfhydryl levels, non-diabetic subjects. 


Results. Fig. 1 shows the distribution of 
the most recent determination of the series of 
repeated sulfhydryl values on each subject. 
In the patients with cirrhosis of the liver, the 
plasma sulfhydryl levels were markedly de- 
pressed. Although the difference in the sulf- 
hydryl levels between the normal and the 
diabetic subjects was not great, the median 
plasma sulfhydryl level in the diabetic sub- 
jects was lower than in the normal subjects. 
No significant difference was observed in the 
non-protein sulfhydryl levels among the 3 
groups. 
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FIG. 3. Relationship between blood sugar and sulfhydryl levels, diabetic subjects. 
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Blood sugar determinations were done on 
blood samples from the patients in the 3 
groups. In Fig. 2, the sulfhydryl levels in the 
normal subjects are plotted against the blood 
sugar levels. In these subjects all values for 
plasma sulfhydryl are above 40 mg % re- 
gardless of the blood sugar levels, which were 
within normal limits, and ranged from 66 to 
119 mg %. In some of the normal subjects 
the blood samples were not drawn in the fast- 
ing state which accounts for the spread of 
the blood sugar determinations. Within this 
group, there was no correlation between the 
blood sugar and sulfhydryl levels. 


Fig. 3 gives the data on the diabetic patients 
before and during vit. Biz. therapy. The de- 
terminations during vit. By. therapy were 
done at intervals of approximately 4 weeks 
throughout the course of treatment. It is in- 
teresting that although the plasma sulfhydryl 
levels were slightly reduced, compared to the 
levels for the normal subjects, there was no 
correlation between the absolute levels of 
blood sugar and the plasma or non-protein 
sulfhydryl levels. Therapy with vit. By. over 
periods of as long as 18 months had absolutely 
no effect on the blood sulfhydryl levels. 

In view of the fact that the sulfhydryl 
groups in the plasma have been reported to be 
associated with the albumin fraction(4) and 
because of the lower plasma sulfhydryl levels 
in the diabetic patients the albumin levels in 
the diabetic and cirrhotic patients have been 
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compared to the normal subjects (Fig. 4). 
The albumin levels were distinctly lower in 
the patients with cirrhosis of the liver. In the 
patients with diabetes mellitus the albumin 
levels were slightly lower than in the normal 
subjects. The low albumin levels in the pa- 
tients with cirrhosis of the liver are consistent 
with the low plasma sulfhydryl levels in this 
group. Similarly the slightly lower albumin 
level in the diabetic patients is consistent with 
the slight reduction in the plasma sulfhydryl 
level in these patients. In none of the groups 
was any significant relationship observed in 
the blood sugar and sulfhydryl levels. 

Some patients in the diabetic group had vas- 
cular degenerative lesions. The presence of 
degenerative complications did not appear to 
influence the albumin or sulfhydryl levels. 

There was a small negative correlation be- 
tween the subject’s ages and the plasma sulf- 
hydryl levels. However, within any age group 
the diabetic patients had a reduced plasma 
sulfhydryl level compared to the normal sub- 
jects. There was a small positive correlation 
between age and non-protein sulfhydryl levels. 
The data did not show any relation between 
the sex of the individual and either of the 
sulfhydryl levels. 
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Discussion. The data on the patients with 
diabetes mellitus show that the absolute 
levels of blood sugar bear no relation to either 
sulfhydryl fraction in these patients. This 
finding is of considerable interest in that it 
indicates that in the patient with spontaneous 
diabetes, blood sugar and glutathione are not 
reciprocally related. This is in contrast to 
observations in experimentally produced dia- 
betes whether in animals or in human sub- 
jects. The finding also points up the fact that 
experimentally produced diabetes mellitus ap- 
parently does not result in the same situation 
as is present when the disease occurs spon- 
taneously in human subjects. In view of the 
fact that the glutathione (non-protein sulf- 
hydryl) levels were normal in patients with 
diabetes mellitus, it is not surprising that vit. 
By. therapy had no effect. The data on the 
patients with diabetes mellitus are sufficient 
in number and therapy covered a long enough 
period of time so that the findings are well 
established. 

It is of considerable interest that in the 
patients with cirrhosis of the liver the plasma 
sulfhydryl levels are markedly lower than in 
normal subjects. Lower sulfhydryl levels have 
also been reported in experimental liver dam- 
age both in the blood and in the liver(7,8). 


Summary. Plasma and non-protein sulf- 
hydryl levels, blood sugars and serum proteins 
were determined in normal subjects, in pa- 
tients with cirrhosis of the liver and in patients 
with diabetes mellitus. In the latter, deter- 
minations were done before and during vit. 
Biz therapy. In none of the groups was any 
significant relationship observed in the blood 
sugar and sulfhydryl levels. In patients with 
cirrhosis of the liver, the plasma sulfhydryl 
levels were significantly reduced below the 
normal level. The plasma sulfhydryl levels 
were slightly lower in the patients with dia- 
betes mellitus than in the normal subjects. 
Administration of vit. By. for long periods of 
time in patients with diabetes mellitus had no 
effect on the sulfhydryl levels. 


We are indebted to Miss Elisabeth Street for the 
statistical analyses of these data. 
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From the Laboratory of Experimental Oncology, National Cancer Institute, National Institutes of 
Health, Department of Health, Education and Welfare and Department of Medicine and Cancer 
Research Institute, University of California School of Medicine, San Francisco. 


Earlier work on precipitins demonstrated 
that trace tagging with I’?! did not alter 
immunological activity(1-4). This report is 
an extension of such studies to agglutinating 
and non-agglutinating antibodies against red 
cells. Boursnell, Coombs, and Rizk(5) work- 
ing with I'*! non-agglutinating red cell anti- 
sera showed that when iodination of protein 
was maintained within the range of one iodine 
atom per protein molecule, the antibodies con- 
tinued to react with their specific red cell an- 
tigens. 

The iodination of 2 types of antisera was 
dealt with in this study; the experimentally 
produced rabbit agglutinin against sheep red 
cells and the non-agglutinating auto-antibody 
present in the serum of patients with acquired 
hemolytic anemia described by various work- 
ers(6-9). These antisera were trace tagged 
with I'#! and separated by zone electrophoresis 
in a starch medium(10). The antibody activ- 
ity of the tagged separated serum proteins 
was then determined by incubating with the 
specific red cell. The relative affinity for the 
cells by each serum fraction was found by 
measuring the amount of radioactivity on the 
subsequently washed cells. 


* Present address: Gates and Crellin Laboratories of 
Chemistry, California Institute of Technology, Pasa- 
dena. 

+t Present address: General Medicine Branch, Na- 
tional Cancer Institute, National Institutes of Health, 
Bethesda, Md. 


Materials and methods. The sheep red cell 
agglutinating rabbit serum was obtained from 
the California State Department of Public 
Health. 0.2 ml of this serum diluted serially 
gave an agglutinating endpoint of 1:512 with 
0.2 ml of 2% sheep red cells after 2 hours at 
37°C. Non-immune rabbit serum served as a 
non-agglutinating control. The human serum 
was obtained from a patient with acquired 
hemolytic anemia. This serum gave a positive 
indirect antiglobulin reaction with otherwise 
compatible ““O” cells. A normal human serum 
control gave a negative reaction. Cold ag- 
glutinins were absent from both of these sera. 
Four ml of each serum were iodinated as de- 
scribed earlier(2). The tagged sera contained 
less than 0.2% free radioactivity and less than 
1 mole of iodine per mole of protein, however, 
sufficient bound radioactivity was present to 
permit statistically significant counting rates. 
The iodinated sheep cell hemagglutinin was 
retitrated with no change in endpoint. The 
tagged acquired hemolytic anemia serum also 
retained its red cell sensitizing capacity. 
Three ml of these trace iodinated sera were 
fractionated by electrophoresis in a starch 
supporting medium at pH 8.6 in 0.1 ionic 
strength veronal buffer according to the 
method of Kunkel and Slater(10). The sep- 
arated tagged protein fractions of each serum 
were eluted from the starch in 5 ml saline and 
aliquots analyzed for protein by phenol re- 
agent(11) and for radioactivity. One ml ali- 
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FIG. 1. Electrophoretic fractions of rabbit anti- 
sheep cell agglutinin and of normal rabbit serum. 
Both sera were trace radio-iodinated before sep- 
aration. Dashes (X--—-—X) represent protein con- 
stituents of the sera. Solid circles (@) express % 
binding by sheep red cells of labeled proteins. 
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FIG. 2. Electrophoretic fractions of human ac- 


quired hemolytic anemia serum and of normal 

serum. These sera were trace iodinated with I'* 

prior to separation. Dashes (X-——X) represent 

protein constituents of sera. Solid cireles (@j 

express the % binding by otherwise compatible 
type ‘‘O’?’ red cells of labeled proteins. 


quot of each eluate was delivered to agglutina- 
tion tubes and 0.2 ml of 2% red cells were 
therein suspended. Sheep red cells were used 
with the fractions of rabbit sera and type ‘“O” 
human cells were added to the human serum 
fractions. After incubation for 2 hours at 
37°C, the red cells were washed in saline 3 
times to remove all unbound I+ protein. It 
was found that after 3 washes, the radioactiv- 
ity measurements in the last wash approached 
background. These washed cells were then 
hemolyzed in distilled HO and the I!*! radio- 
activity determined. All measurements of 
radioactivity were carried out in a thallium- 
activated sodium iodide scintillation counter 
using constant geometry and with a counting 
error of less than 3% due to statistical varia- 
tion in radioactive decay. 

The protein curves in Fig. 1 and 2 of the 
resolved I'*! serum fractions are constructed 


from the phenol reagent analyses of the starch 
block eluates (x). Superimposed on the same 
graphs are the determinations of protein- 
bound radioactivity found on the washed red 


- cells after suspending in each serum fraction 


(e). This is expressed as the ratio of counts 
per second adsorbed by the cells to the total 
counts per second of I'*! protein added X 100, 
that is, % dose on the red cells. 

In the case of the normal human serum con- 
trol (Fig. 2) radioactivity determinations were 
made only on the gamma globulin and albumin 
fractions and the cells exposed to these frac- 
tions. Other experiments showed the normal 
serum alpha and beta globulin binding of cells 
to be of the same order as the normal gamma 
globulin binding shown in the figure. 

Results. In Fig. 1 and 2 are illustrated the 
degree of red cell binding by the various pro- 
teins of the tagged sera. In Fig. i is shown 
that sheep red cells adsorbed the maximum 
radioactivity from the gamma globulin frac- 
tion of the rabbit antiserum. The tubes 
(1-12) containing this fraction also showed 
direct hemagglutination before the cells were 
washed for I?*! analysis. 

The binding capacity of the proteins of the 
acquired hemolytic anemia serum is shown in 
Fig. 2. The type ‘“‘O” red cell adsorption of 
I? is chiefly due to exposure to gamma 
globulin. 


Discussion. When trace tagged (118!) rab- 
bit anti-sheep cell agglutinating serum was 
separated electrophoretically into its protein 
components, both the hemagglutinating ability 
and most of the red cell binding of radioactiv- 
ity was found in the gamma globulin fraction. 
In the case of the reaction between non- 
agglutinating human serum from acquired he- 
molytic anemia and type “O” cells, Dacie 
(12,13) showed the auto-antibody to be pres- 
ent in the gamma globulin fraction. He was 
able to remove auto-antibody activity from the 
patient’s serum with rabbit anti-human 
gamma globulin. Data presented herein but 
based on radioactivity studies support these 
findings. 


Summary. 1. Antisera to sheep and _ to. 
human red cells were tagged with I"*! and the 
proteins separated by starch electrophoresis. 


a 
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2. By measuring the amount of radioactivity 
bound to the specific antigenic red cell, anti- 
body activity of each fraction of serum was 
determined. 3. Sheep red cells adsorbed most 
of the radioactivity from a gamma globulin 
fraction of rabbit antiserum (hemagglutinin). 
4. Type “O” human red cells adsorbed most of 
the I’! protein from a gamma globulin frac- 
tion of acquired hemolytic anemia serum 
(auto-antibody). 
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Comparison of Excretion Rates of Linear Glutamyl Peptides in Humans 


and Dogs. 


(21683) 


Bruce J. Kessiter, CosTaBitE J. DiGRApo, CARMINE BENANTE, MAx BovarNIck, 


RopertT H. SILBER, AND ARTHUR J. ZAMBITO. 


(Introduced by P. H. Long.) 


From Veterans Administration Hospital, Department of Medicine, State University of New York, 
New York City; and Merck Institute for Therapeutic Research, Rahway, N. J. 


The potentialities of glutamyl peptide 
polymers as plasma volume expanders have 
been pointed out(1-4). Data were presented 
to demonstrate that linear glutamyl polypep- 
tides of average molecular weight of 12-15,- 
000 were rapidly excreted in humans and 
dogs. The peptides used in these experiments 
were produced in shallow cultures of a suit- 
able strain of B. subtilis.* In connection with 
the further development of these materials 
for use as plasma volume expanders, it soon 
became evident that a deep culture method of 
peptide production would be preferable to 
that using shallow culture, and a method for 
deep culture was accordingly developed. An 
unexpected finding was the fact that the lin- 
ear glutamyl polypeptide produced in the 
deep culture had molecular weights ranging 
up to 125,000 and higher. The possibility 
immediately arose that these long peptide 
chains might be retained for a suitable length 


* This strain has been maintained by Mr. B. L. 
Wilker of Merck & Co. 


of time in the blood stream. This possibility 
was tested first in dogs and subsequently, 
after suitable pharmacological tests, in hu- 
mans. The results of these experiments are 
herewith presented. 


Methods. ‘The linear peptides were pre- 
pared from deep culture filtrates of the same 
strain of B. subtilis peptide as has been used 
previously. Methods of peptide isolation and 
purification were essentially the same as those 
described previously. Molecular weights on 
the 12-15,000 weight peptides were first esti- 
mated from osmotic pressure measurements, 
and diffusion and sedimentation velocity 
(ultracentrifuge) measurements(5). Molec- 
ular weight determinations on the same pep- 
tides by application of Sanger’s end group 
method(6) were in good agreement, and val- 
ues given here on the larger samples were 
obtained by this method. The peptides were 
administered intravenously as the sodium salt 
in isotonic saline solution. <A total of 6 dif- 
ferent dogs were given 3 different prepara- 
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TABLE I. Effects of Peptide Infusion in Man and Dogs. 
Peptide blood levels—mg/ml J retention %o excreted in 
ml of 2% Peptide, - ~ of inj. vol. urine 
Wt,kg infusion mol.wt 5min. Shr 9.5-llhr 24hr Hla Qe lai: 6hr llhr 24hr 
4 1000 “ 
Dogs 11.8 120 56 2.7 eg) 1.5 1.0 65 70 25 46 
9.0 90 56 2.6 1.5 1.2 @ 90 50 “ 33 52 
14.2 140 64 3.2 2.1 1.5 £2) 70 50 33 ; 60 
11.0 110 64 3.1 2.1 Nov g 70 70 38 62 
14.4 145 64 2.8 1.6 1.2 8 90 65 48 
11.4 115 64 3.2 2.1 1.5 a 125 85 44 
Dose, g S5min. lhr 6hr 24hr lLhr 6 hr 12 hr 24 hr 
Patients 18 AT ES SSG ON ece me 49% in 6 hr, 
rest lost 
19 57 4.0 2.9 .36 0 43 0 67 71 
3 88 HOO 30) .0 0 75 
12 88 250— ys 0 0 57 4 75 01 
19.5 122 1.6 07 0 48 6 79 81 


3.0 


tions of peptide, each dog receiving 10 ml/kg 
of a 2% peptide solution. Five patients, all 
having diseases unrelated to the renal or 
cardiovascular system, received 3 different 
preparations of peptide in amounts indicated 
in Table I. The volumes infused were one 
liter, except in the case of one patient who 
received 250 ml. The period of infusion was 
40 minutes for the dogs and 60 minutes for 
the humans. The blood and urine peptide 
levels were determined essentially as de- 
scribed previously(3). Blood volumes on 
dogs were ascertained by the plasma protein 
dilution method; those on humans by the 
Evans Blue Dye or protein dilution method, 
or both. Where both methods were used, no 
significant discrepancy appeared between the 
values for plasma volumes. In dogs the nor- 
mal plasma volumes were arbitrarily assumed 
to be 5% of weight or were determined by 
the Fvans Blue Dye dilution method. Clini- 
cal observations, hematological studies and 
urinalyses were made by conventional meth- 
ods with the exception that a slight modifica- 
tion was used in staining smears for differ- 
ential counts in the presence of any appreci- 
able level of peptide in the blood stream. If 
the diluent for the Wright’s stain is buffered 
at the usual pH 6.5, the white cells stain very 
faintly and details are obscured by the pres- 
ence of highly stained peptide. If 0.1 M 
phosphate buffer, pH 7.9 is used, the cells ap- 
pear in clear detail, and the stained peptide 
can be seen rimming the red cells. Dogs were 


fasted for 18 hours prior to and during the 
experiment. Humans were fasted for 16 
hours prior to the experiment and only re- 
ceived a light fat-free breakfast after com- 
pletion of the first hour blood volume. 

Results. The significant findings with re- 
spect to volume expander properties and pep- 
tide excretion rates in 8 dog and 5 human 
trials are summarized in Table I. It was fur- 
ther observed that the peptides caused no sig- 
nificant alteration in temperature, blood pres- 
sure, pulse rate or respiration, nor in total 
and differential white count, platelet count, 
clotting time (Lee White method), on injec- 
tion into humans. There was a temporary 
lowering of the red blood cell count and 
hematocrit one hour after infusion, but these 
had returned to pre-infusion levels 6 hours 
after infusion. 

It is quite clear from the data of Table I 
that linear glutamyl peptides of number aver- 
age molecular weight 56,000 and 64,000 are 
excreted relatively: slowly in the urine of dogs 
and that they exert a considerable plasma 
dilution effect while in the blood stream. In 
contrast, peptides with number average mo- 
lecular weights from 57,000 to 122,000 are 
cleared from the human blood stream rela- 
tively rapidly, the main channel of excretion 
being in the kidney which in all cases put out 
70% or over of all of the materials tested 
within 24 hours. There is generally some 
further slight urinary excretion in the next 24 
to 72 hours, but total recovery in the urine 
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rarely exceeds 80% except in the case of very 
small peptides. The remainder is probably 
metabolized(3). 

‘It is possible that the large peptides are 
broken down in the human, but not in the dog 
prior to excretion, but further work will be 
needed to determine this point. If this is not 
the case and the polymers are excreted in- 
tact, there is obviously a fundamental dif- 
ference between the dog and human kidney 
with respect to the manner in which they 
handle these polymers. This finding is of 
interest in connection with the wide use of 
the dog as a test animal for effectiveness of 
plasma volume extenders. 

Whether or not these peptides are partially 
broken down prior to excretion, it seems quite 
likely that linear polymers of number average 
molecular weight up to 122,000 are not suit- 
able for use as plasma volume extenders in 
humans. The fact that the samples used 
were unfractionated and possibly of broad 
molecular weight spectrum, does not alter this 
conclusion since the broader the spectrum, 
the greater the weight percent of higher 
molecular weight species in a given sample. 
Therefore, if only the smaller molecules had 
been excreted in 6 hours in the test with 122,- 
000 molecular weight material, a significant 
level of the higher molecular weight material 
would have been detected at that time in the 
blood stream of the patient receiving a test 
dose of 19 g of the material, as the method 
of blood level analysis is sensitive to 0.25 mg 
per ml for glutamyl peptides of molecular 
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weights above 3,000(2,3). Because of these 
facts and the further observation that the 
material of 122,000 molecular weight demon- 
strated an undesirable degree of viscosity, 
attempts to fractionate out large amounts of 
still longer linear polymers for further testing 
were not undertaken. 


Summary. 1. Linear glutamyl peptides of 
number average molecular weight up to 122,- 
000 are rapidly excreted in the urine of hu- 
mans and removed from the blood stream in 
6 hours or less. In the dog disappearance of 
these peptides from the plasma is much 
slower. In this animal the plasma half life 
time for peptides of number average molec- 
ular weight of 57,000 to 122,000 appears to 
be between 9.5 to 11 hours. 2. Doses of up 
to 19 g of these peptides had no significant 
effect on temperature, pulse, respiration, blood 
pressure, cellular elements or clotting func- 
tions of the blood in humans. 
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Effect of Quinidine, Procaine Amide and Mersalyl on Lethal Dose of 


Ouabain in Isolated Dog Heart.* 


(21684) 


GEORGE FAWAZ. 
From the Department of Pharmacology, School of Medicine, American University of Beirut, 
Beirut, Lebanon. 


Digitalis is often used in combination with 
one or more of the following drugs: quinidine, 
procaine amide, mercurial diuretics. The end- 
effect of a sufficiently large dose of digitalis is 
ventricular fibrillation, preceded, as a rule, by 
ventricular ectopic rhythms. Quinidine is 
used for the treatment of ventricular ectopic 
rhythms, even those that are produced by 
digitalis. On the other hand, textbooks at- 
tribute to quinidine the property of producing 
ventricular premature beats, ventricular tach- 
yeardia and ventricular fibrillation, in other 
words, precisely those effects which it is sup- 
posed to suppress or prevent. Procaine amide 
is used, like quinidine, to suppress ventricular 
ectopic rhythms including those produced by 
digitalis(1), but nobody has described an 
arrhythmia-producing effect by procaine 
amide. The combined use of the drugs men- 
tioned above, particularly digitalis and quini- 
dine, has been the subject of much debate and 
investigation(2). It thus appeared desirable 
to study the quantitative aspects of these 
drug combinations using isolated hearts. 

Methods and materials. Dog heart-lung 
preparations were performed by the conven- 
tional procedure using pentobarbital anes- 
thesia. The blood donors were anesthetized 
with chloroform. The blood volume was 
about 900 cc and the resistance was main- 
tained at 6.8 cm Hg. The method of Farah 
(3,4) was used in measuring the lethal dose 
of ouabain. The rate of infusion was not far 
from the “optimal” rate, 7.e., the rate below 
which there is no further decrease in the lethal 
dose. In all experiments with intact dogs 
pentobarbital anesthesia was used with ar- 
tificial respiration. The following brands 
of drugs were used: Ouabain, E. Merck, 
Darmstadt; Quinidine sulfate, Mallinckrodt, 
U.S.P.; Procaine amide, (Pronestyl) Squibb; 
Mersalyl, (Gortulin) Winthrop. 


* This study has been supported by a grant from 
the American Heart Association. 


Results. Ouabain controls. As controls we 
have utilized Farah’s(3,4) results most of 
which were obtained in this laboratory. In 
addition, we have performed a few more ex- 
periments which are essentially in agreement 
with those of Farah (Table I). 


Ouabain + quinidine. Small amounts of 
quinidine sulfate (20 mg or less), when added 
to the venous reservoir of the heart-lung 


TABLE J. Effects of Quinidine, Mersalyl and 

Procaine Amide on Lethal Dose of Ouabain in 

Dog Heart-Lung Preparation. (Heart weights 
ranged between 50 and 85 g.) 


Lethal dose 

of ouabain 

(umoles/kg 
heart ) 


Rate of admin- 
istration of oua- 
bain (umoles/kg 

heart/niun., ) 


Amount of sub- 
stance added 
Qng/preparation ) 


031 — 3.6 
029 — 2.8 
025 == 3.0 
013 —— meill 
.013 — pal 
.012 — 2.0 
Quinidine sulfate 
09 70 5.8 
08 45 4.8 
05 30 4.1 
027 80 4.0 
.023 80 3.0 
O21 80 3.2 
020 40 2.95 
.018 140 2.6 
016 20 2.3 
.O15 60 Dek 
013 40 2.1 
Mersalyl 
.025 100 aed) 
.022 100 3.4 
022 115 2.6 
021 100 2.8 
019 100 2.4 
019 100 2.7 
018 150 Wd, 
.012 100 LE 
Procaine amide 
022 300 2.8 
019 500 27 
O17 550 2.30 
016 250 2.74 
016 500 2.1 
014 250 2.0 
013 550 2,35 
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preparation can depress the cardiac muscula- 
ture sufficiently to produce a rise in atrial 
pressure and a decrease in minute output. 
Ouabain counteracts this depressing effect of 
quinidine, just as it acts on a heart made in- 
sufficient with barbiturates. In a typical ex- 
periment, 30 mg quinidine reduced the output 
within 30 minutes from 670 cc per minute to 
240 and raised the right atrial pressure from 
4.5 cm of water to 7. Forty minutes after the 
infusion of ouabain at the rate of 0.05 micro- 
mole per kg heart per minute, the output was 
480 cc per minute and the atrial pressure 5.5 
cm of water. 

To study the effect of quinidine on the 
lethal dose of ouabain it is obviously desirable 
to use the maximum amount of quinidine. 
This can best be done by starting the quinidine 
administration after about one third of the 
predicted lethal dose of ouabain had been in- 
fused. Without the previous administration 
of ouabain such big doses of quinidine could 
produce cardiac standstill. In general, quini- 
dine was added gradually in doses of 10 mg 
until the minute output was reduced about 
30-40%. It can be seen from Table I that 
the amount of quinidine necessary to produce 
this reduction varies considerably from one 
experiment to the other, without there being 
a correlation between the heart weight and 
the quinidine dose. It can also be seen from 
Table I that amounts of quinidine varying 
from 20 to 140 mg do not influence the lethal 
dose of ouabain in the isolated heart. We 
have not attempted to study the effect of 
quinidine on the so-called irregularity dose of 
ouabain since a nodal rhythm with bundle- 
branch block and disappearance of the P- 
waves due to large doses of quinidine alone 
is indistinguishable electrocardiographically 
from premature ventricular systoles due to 
ouabain. 

Quinidine alone. Ten dogs anesthetized 
with pentobarbital were infused with quinidine 
sulfate at rates varying between 1 and 4 mg/ 
kg body weight per minute. Artificial respira- 
tion was applied all through the experiments. 
The lethal dose ranged approximately between 
60 and 200 mg per kg, and was, in general, 
inversely proportional to the rate of infusion 
as has already been described for cats(5). 
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Neither in the intact dogs nor in the isolated 
hearts have we observed premature ventricular 
systoles, ventricular tachycardia or ventricular 
fibrillation. Korns(6) reported ventricular 
fibrillation as the final outcome of quinidine 
infusion in his dogs. However, he used ether 
anesthesia without artificial respiration and 
noted a stoppage of respiration a few minutes 
before death. 

Mersalyl. Infusion of mersalyl to intact 
dogs or to isolated hearts produces ventricular 
fibrillation usually preceded by a short run of 
multifocal ventricular tachycardia. In 7 in- 
tact animals infused at the rate of 2 mg mer- 
salyl per kg body weight per minute the lethal 
dose was 67 mg/kg. In 6 heart-lung prepara- 
tions in which the heart weights varied be- 
tween 51 and 62 g, the average lethal dose of 
mersalyl infused at the rate of 5 mg/minute, 
was 166 + 32 mg per preparation, without 
there being a correlation between the heart 
weight and the lethal dose as is the case with 
digitalis. 

Mersalyl and ouabain. Mersalyl was added 
in 50 mg portions to the venous reservoir of 
the heart-lung preparation after about one 
third of the lethal dose of ouabain had been 
infused. Table I shows that mersalyl in 
amounts well over 50% of its lethal dose, has 
no effect on the lethal dose of ouabain. It 
appears then that the arrhythmia producing 
properties of mersalyl and ouabain are not 
additive. 

Procaine amide + ouabain. Procaine amide 
is used in the treatment of ventricular ectopic 
rhythms including those produced by digi- 
talis(1). To study its effect on the lethal dose 
of ouabain in the isolated heart, procaine 
amide was introduced into the venous reser- 
voir at a rate of 10-15 mg/minute. It was 
found that procaine amide even in doses of 250 
to 500 mg had little cardiac depressive activity 
as compared to quinidine. A decrease in 
minute output and rise in venous pressure 
occurred only after the onset of cardiac ir- 
regularities. These arrhythmias which ap- 
peared before the infusion of ouabain, con- 
sisted of ectopic ventricular beats and short 
runs of ventricular tachycardia arising usually 
from more than one focus, and they dominated 
the rhythm till the end of the experiment. 
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There was also depression, and later disap- 
pearance, of the P-waves and A-V_ block. 
Table I shows that the lethal dose of ouabain 
was not significantly affected by these big 
doses of procaine amide. However, ventricu- 
lar fibrillation occurred only in 3 out of 7 
preparations, the rest went into asystole in 
spite of adrenaline injections. 

Procaine amide administered by infusion to 
intact dogs in doses varying between 150 and 
300 mg/kg body weight and at rates from 
2-10 mg/kg body weight per minute, produced 
no cardiac arrhythmias. ‘These doses are in 
excess of those used in human therapy. 


Summary. Results obtained with isolated 
dog hearts do not necessarily apply to human 
beings, yet certain points in this paper may be 
considered when a combination of drugs is 
contemplated. The myocardial depression 
produced by quinidine can be counteracted 
with ouabain. Quinidine, in relatively large 
doses, neither decreased nor increased the dose 
of ouabain that produced ventricular fibrilla- 
tion. This finding is in harmony with the 
results of Weiss and Hatcher(7) obtained 
with intact cats. Furthermore, quinidine 
alone, under the present experimental condi- 
tions produced no premature ventricular 
beats, ventricular tachycardia or ventricular 
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fibrillation in intact dogs or isolated hearts. 
Procaine amide depressed the myocardium to 
a much lesser extent than quinidine, but in 
big doses it produced ventricular ectopic 
rhythms. Yet even these arrhythmia-produc- 
ing doses of procaine amide do not influence 
the lethal dose of ouabain. The same thing 
seems to be true of mercurials. It would thus 
appear that the arrhythmia-producing proper- 
ties of different drugs are not necessarily ad- 
ditive and that the danger of producing ven- 
tricular fibrillation by the combination of 
such drugs is perhaps exaggerated. 


Grateful acknowledgement is made to Dr. R. 
Tabbara for his advice in the interpretation of the 
electrocardiograms. 
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Change of Tumor Specificity After Serial Passage on the Chick Chorio- 


allantoic Membrane.* 


(21685) 


EpwIn A. Miranp AND JOSEPH G. HorrMan. 
From Roswell Park Memorial Institute, Buffalo, N. Y. 


This report describes the modification of 
histocompatibility of the DBA mouse mam- 
mary adenocarcinoma in 2 mouse strains 
which were resistant to inoculation. The 
change in tumor-host relationship was 


* This investigation was supported by a research 
grant (PHS-C2122 M & G) from the National Cancer 
Institute of the National Institute of Health, Public 
Health Service. 

We wish to express our sincere appreciation to D. 
Harper, J. Kent and A. G. Mirand for their kind 
assistance. 


brought about by serial passage of the tumor 
through the chorio-allantoic membrane of the 
incubating hen’s egg. This method of tumor 
modification has not been hitherto described 
in the literature. It may be classified as a 
method in which the tumor is grown in a 
nonspecific medium in which the factors gov- 
erning histocompatibility are not all oper- 
ative. A comparable method is the growth of 
tumor in the anterior chamber of the eve or 
brain(1,2). : 


Materials and methods. The serial trans- 
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plantation experiments, Tables I, I, and III, 
were conducted with DBA/1, C3H, 
C57BL/6, and Marsh Albino (MA) mice. 
The first 3 strains were obtained from Bar 
Harbor in 1936 and have been continuously 
inbred since that time. The MA strain is the 
Old Buffalo strain which has been inbred in 
our laboratories since 1918. The animals 
were given inoculations aseptically in the 
right flank of 0.1 ml of a uniform saline sus- 
pension of tumor cells of the DBA mammary 
adenocarcinoma which had appeared spon- 
taneously in the DBA/I strain. A “take” 
was recorded where the inoculum grew pro- 
gressively and killed the host mouse. Animals 
were maintained at laboratory temperature, 
and were offered Purina Laboratory Chow 
and water ad libitum and were observed daily 
for tumor takes and mortality. Where chorio- 
allantoic (C-A) transplantations were carried 
out, a uniform fragment of the DBA mam- 
mary adenocarcinoma tumor was transplanted 
onto the membrane. The method of C-A 
transplantation was, with certain necessary 
refinements, essentially the same as that de- 
scribed by Willier(3). The hosts consisted of 
White Leghorn Chick eggs incubated for 6 
days at 37.5°C. After the desired period, the 
eggs of the host were candled to locate the 
position of the large blood vessels. At this 
site a small rectangular piece of the shell, pre- 
viously sterilized by applying iodized alcohol 
was sawed out. The eggs were then returned 
to the incubator awaiting the preparation of 
the donor tissue. At the time of transplanta- 
tion eggs were removed from the incubator 
and the C-A membrane exposed by opening a 
window. Tumor fragments of uniform size 
were transferred to the host membranes by a 
Spemann pipette. The original shell frag- 
ment was then replaced and the egg sealed by 
applying paraffin around the cut edges. The 
donor tissues were allowed to remain on the 
host for 12 days. After removal, the grafts 
were harvested and as indicated in Tables I, 
II, and III were transferred back into various 
strains of mice. The number of mice used 
was contingent on the amount of egg-cultured 
tumors harvested on the C-A membrane. 
After the removal of tumor transplant from 
mouse and chick, representative pieces of 
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TABLE I. Serial Passages of 10 DBA Mouse 
Tumors Showing Number of Takes.* 


Passage 35 Passage 36 Passage 37 Passage 38 


(a) DBA/1 Egg (a) DBA/1 (a) DBA/1 
mouse mouse mouse 
eect 414-6 44 +4 
2. +1 +3-7 3 3 
3. +1 +6 —-4 +5 +6 
4. +1 —10 No tumor from 
5. +1 =10 previous egg 
O, Spl —10 passage 
eo ett +4-6 +5 44 
8. +1 -10 
9. +1 +3 -7 +3 +3 
10, 25 -10 
(b) (b) (b) 
C57BL/6 C57BL/6 C57BL/6 
mouse mouse mouse 
—10 —5 —3 
(c) @) (¢) 
C3H mouse C3H mouse C3H mouse 
-10 -5 =7 
(d) (d) (d) 
MA mouse MA mouse MA mouse 
—10 —5 a) 


* Plus sign indicates a ‘‘take,’’? a minus sign 
means no take. A take means a progressively 
growing tumor which killed the host mouse. 


tumor tissues were set aside for histological 
examination and the rest used for serial trans- 
plantations. All histological specimens were 
fixed in Zenker’s formol sectioned in paraffin 
at 8 microns and stained with hematoxylin 
and eosin. 

Results. The DBA tumor in the 10 DBA/1 
mice comprised the 35th serial passage of this 
tumor. Table I shows how in the 36th pas- 
sage into the C-A membrane of the egg 5 of 
these tumors (4, 5, 6, 8, 10) failed to show 
any takes. Among the 5 tumors 1, 2, 3, 7, 
and 9 the takes numbered 20 out of a total 
of 50 eggs inoculated, or 40%. These same 
tumors were put back into the DBA/1 mouse 
in the 37th and 38th passages and grew con- 
sistently. They did not, however, grow in the 
other 3 mouse strains. 

The tumors 1, 2, 3, 7, and 9 were put into 
the egg again in the 39th passage. Table II 
shows that in a total of 20 different tumor 
preparations 3 failed to give takes. Among 
those samples that grew there were 56 takes 
in a total of 156 eggs inoculated, or about 
34%. 

For passage #40, tumors 1, 2, and 3 were 
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TABLE II. Continuation of Serial Passages of DBA Tumor from Table I. 
Passage 39 Passage 40 aa Passage 415m mice)———— 
Egg Egg DBA/1 C57BL/6 C3H MA 

i Tey ere lias ig 0 aay 
2. 44-6 Syne 2). 43 13/49 0 44 
3. +1,-9 3. +4, -7 3. +5 +4 0 +4, -2 
4, -10 —. 

2 1. +4, -6 1. +4,-5 1. +3 +5,-1 0 +4,-5 
2. —-10 2, +3,-10 2 2 +5,-2 0 +9 
Be tO, =O 3. +3,-6 3 2 +2, -4 0 +3, -2 

SS 1. +3,-7 1. +6,-13 
Pen iG area aes Da c3 Spy 0 45,-2 
See Daas eee oes) 5) En 16, =6 0 75 
4°25 5 ae ee oe a i 
5. +5, —-5 5. +12, -13 5. +11 +15,-8 0 +19, -4 
yD) 

hs Ue Ponti a) DBA/1 mouse, +10 
2. +2,-8 bit CST BI GR eee LO 
3. +1,-9 ce) C3H eR eee) 
4, +5,-5 d) MA ee = aK) 

9. ie 2S 2! 
2. +2,-6 
3. +3,-7 


used. All samples of tissue inoculated led to 
takes. In the 128 eggs inoculated growth 
took place in 49, or 38%. Tumors 7 and 9 
were discontinued after the 39th passage ex- 
cept for inoculations into mice in passage #40. 
In this passage only the DBA/1 strain grew 
the tumor, the others were still resistant and 
failed to produce takes. In the 41st passage 
(Table IL) the tumors taken from egg in pas- 
sage #40 took in the C57BL/6 and in the MA 
strains, but not in the C3H strain. 

While the takes were 100% in the DBA/1 
mice, the other 2 strains showed signs of re- 
sistance to growth. Thus, among 75 C57BL/6 
mice inoculated, 47, or 63% took; and among 
80 MA mice inoculated, 59, or 74%, took. 
No evidence of tumor growth or takes in the 


tumor had not acquired any specificity in the 
5 previous passages. The 6 possible cross- 
inoculations from one host strain to another 
were made with nearly 100% takes. 

There was no impairment of growth rate of 
the tumor. In the C-A membrane as well as 
in the MA and C57BL/6 mice the large tu- 
mor sizes attained gave evidence of luxurious 
growth which always killed the mice. 


Discussion. Our data show that the trans- 
plantation of tumor cells onto the C-A mem- 
brane may bring about an alteration of the 
histocompatibility of a tumor. After passage 


TABLE III(a). Continuation of Serial Passages 
of DBA Tumor in 3 Compatible Mouse Strains 
from Table IT. 


3 iP 
C3H mice could be found. 49 43 gio 45 
The tumors established i h i 
Se G ROO LL ee hs sft ares sls +10 +10 
strains were continued in 4 serial passages in C57BL/6 +10 se on +12, -2 +10 
the respective strains. Table III shows the MA +10 +10 al +10 


results for passages #42 thru #45. Although 
there were some failures in the C57BL/6 
strain the tumor apparently had become 
amenable to inoculation in this and in the MA 


TABLE III(b). Cross Transplantation of DBA 
Tumor between 3 Mouse Strains. 


Passage 46 
strain by the 42nd passage. A cross-inocula- Host: DBA/1 MA C57BL/6 
tion was made in the 46th passage, Table III ‘Tumor from C57BL/6 +10 +10 +10 
(b), to ascertain the compatibility of the tu- in Passage 45 
mor after the 5 passages in the different 7¢¢7 from MA Bape ae tre cere 
mouse strains. Table III (b) shows that the ae ary ete aoe 
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through the ear, the DBA tumor became com- 
patible with two strains of mice, the C57BL/6 
and the MA which previously had been re- 
sistant to this tumor. Strong(4) has sum- 
marized the 8 different procedures that have 
been shown to bring about changes in tumor- 
host relationship. Five of these deal with 
methods of altering tumor cells while the 
other 3 deal with methods of changing the 
host constitution. 

The chick embryo passages by which the 
DBA tumor became transplantable into the 
C57BL/6 and MA mice as described above 
does not fit into any of the classifications list- 
ed by Strong. There is a remote possibility 
that the growth of the tumor on the C-A 
membrane of the chick embryo could be clas- 
sified with the growth of tumor in the anterior 
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FIG. 1. Section of graft of a DBA mammary adenocarcinoma which was allowed to remain on 

chorio-allantoic membrane of the chick for 12 days. Note long chain of mammary tumor cells. 

Thin, vascular chorio-allantoic membrane is seen at base of round tumor mass. Hematoxylin 
and eosin 40. 


chamber of the eye, or in the brain of an adult 
animal. In these 3 different situations of 
growth the tumor finds itself in an environ- 
ment lacking the usual immunological speci- 
ficities or defense mechanisms. On this basis, 
however, the chick embryo method might also 
come under the heading of item No. 8 in 
Strong’s classification, namely, the growth of 
tumors in the new born. We propose that 
growth in the environment of the chick em- 
bryo be considered as another unique method 
for altering the tumor-host relationship. 

The growth of the tumor in egg as shown 
in passage #36, Table I, had no effect on its 
transplantability into the 4 mouse strains. 
This same lack of effect is seen in passage #40 
into the egg which was made after the tumor 
had been in the DBA/1 mouse during pas- 
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sages #37 and #39. There remains a question 
as to whether the transformation of the DBA 
tumor cell occurred in the single passage #40. 
Instead of a mutation in a single passage, 
there may have occurred a gradual selection 
of compatible cells. 


Passage through the egg provided a means 
by which cells having the ability to start a 
clonal line compatible with the C57BL/6 and 
MA mice were selected. In this respect the 
egg is analogous to Hauschka’s “concentration 
culture” (5) in which mutants are selected. 
The C-A membrane, therefore, serves as a 
medium in which those cells, which may have 
suffered from antigenic handicap in the 
DBA/1 were able to multiply to sufficient 
numbers to provide takes in the C57BL/6 and 
MA host mice. In this connection there is 
evidence that the C-A membrane may not 
have been a universal culture medium for all 
the DBA tumor cell variants. In all 3 pas- 
sages of the tumor into the egg, namely, pas- 
sages #36, #39, and #40, the percentage 
takes was not 100% as when the tumor was 
inoculated into the DBA/1 mouse. Instead, 
the percentage takes in the egg was consis- 
tently between 34 to 40% in those tumor 
samples in which any takes occurred. There 
also were samples of tumor with which no 
takes in egg were obtained. This was most 
noticeable in passage #36, the first passage of 
the tumor from the mouse to egg in which 5 
out of 10 tumors failed to give any takes at 
all. 


Evidence for a progressive change in the 
histocompatibility of the tumor in the 
C57BL/6 and MA strains is seen in a com- 
parison of passages #41, Table II, and the 
subsequent passages shown in Table III (a) 
and (b). In the first inoculation in which the 
altered compatibility appeared, the takes were 
not quite 100%. Yet, in the following serial 
passages, the takes were effectively 100%. 
Proof that the tumor had lost some specificity 
in the 3 strains of mice shown in Table III 
(b), where the 6 cross-inoculations from one 
mouse strain into another show practically 
100% takes. 
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FIG. 2. Higher magnification of the above tumor. 
Hematoxylin and eosin 440. 


Summary. 1. The DBA mouse tumor was 
modified to grow subcutaneously in the hith- 
erto resistant C57BL/6 and MA mouse 
strains. 2. The modification of histocom- 
patibility of the tumor occurred after 2 serial 
passages on the C-A membrane. Compati- 
bility with the 2 strains, the C57BL/6 and 
MA, appeared simultaneously while the C3H 
mice remained resistant. 3. After 6 serial 
passages in the new host strains, cross-inocu- 
lations between DBA/1, C57BL/6, and MA 
mice proved that the tumor had lost all spe- 
cificity with respect to subcutaneous inocula- 
tion in the 3 strains. 
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Single Versus Multiple Cage Occupancy and Convulsion Frequency in 


C;H Mice.* 


(21686) 


JosEerH T. Kinc, Y. Cutunc Pun Lex, aAnp M. B. VIsscHER. 


From Department of Physiology, Medical School, University of Minnesota, Minneapolis. 


It is known that a number of factors in- 
fluence sound-induced convulsions. Griffiths 
(1) found that susceptibility of the rat to 
convulsive response was reduced when the 
experimental condition permitted ‘“‘escape”’ 
from the sound stimulus. He provided an 
artificial “rat hole’ where the animal found 
“refuge” although it did not achieve physical 
protection from the stimulus. More recently 
the same author(2) found that the oppor- 
tunity to indulge in some “manipulative be- 
havior” during the stimulation period reduced 
the tendency to convulsive response. He cites 
a number of studies by others leading to the 
same general conclusion. Chance(3) reported 
that the opportunity to enter a small enclosed 
space, within the experimental space, during 
part of the stimulation period protected mice 
from the convulsive response to sound. He 
also found that, having once inhibited a con- 
vulsive response in the presence of the protec- 
tive space, the animal subsequently exhibited 
reduced susceptibility even in its absence, pro- 
vided the period elapsing before the next 
stimulation did not exceed 30 hours. 

This report concerns observations on an en- 
vironmental factor which greatly reduces the 
susceptibility of C;H male mice to convulsions 
which occur “spontaneously,” 7.¢e., without a 
specific stimulation. The convulsions are as- 
sociated with such routine procedures as 
weighing, cage changing, feeding or even open- 
ing the cage door for inspection. Such con- 
vulsions involve a considerable mortality. It 
was found that this strain, when singly caged 
for feeding tests at 21-23 days of age, started 
to have convulsions as described above at 
about 6 months of age; there was a sharp de- 
crease in incidence after one year of age. Such 
attacks were not noted in the breeding stock. 
The convulsions were observed in mice on a 


* This investigation supported in part by research 
grant for National Heart Institute, of the National 
Institutes of Health, Public Health Service. 


number of ordinary diets, including Fox Chow. 
In general 50% or more of singly caged mice 
have repeated convulsions under such circum- 
stances. Since the above-noted differences oc- 
curred in experiments in which variables other 
than the number of mice per cage were pos- 
sible complicating factors, experiments were 
designed to eliminate such factors as varia- 
bility of cage type and the presence of mice 
of both sexes. 

Materials and methods. CsH males 21-23 
days of age were housed 20 per cage in screen 
and sheet metal cages. They were fed the 
diets indicated ad libitum. Room temperature 
was 78 + 2°F. Mice were weighed and cages 
changed weekly. Basal diet. Glucose, 33; 
casein, 28; lard, 17; dried brewers yeast, 8; 
alfalfa leaf, 4; salts, modified Jones-Foster 
formula, 4% or modified Osborne-Mendel for- 
mula, 7%; cod liver oil, 2; wheat germ oil, 1. 
The modified Osborne-Mendel salt: (J. Nutri- 
tion, 1937, v14, 273) CaCOs3, 544; MgCOs, 
25: MgSO,, 16; iodized table salt, 69; KCl, 
112; KH2PO,, 212; “Ferric Phosphate solu- 
ble,” N.F. VIII, powder, 21. The modified 
Jones-Foster formula, (J. Nutrition, 1942, 
v24, 245) mixture 12, except that iodized table 
salt was used in place of NaCl to reduce the 
tendency to liberate iodine. 


Results. Since convulsions were not ob- 
served in the breeding colony we wished to 
test whether multiple housing would inhibit 
convulsions in mice on our commonly used 
basal diet made with the modified Jones- 
Foster salt formula and some variations of 
this semi-purified diet. Groups of 20 mice per 
cage were set up on (1) this diet; (2) this 
diet without the trace elements usually present 
in the Jones-Foster formula; (3) this diet with 
Crisco instead of lard; (4) this diet with a 
different salt mixture (Osborne-Mendel). The 
convulsive behavior of these mice housed 20 
per cage was compared with that of a typical 
singly housed group on the basal diet made 
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TABLE I. Incidence of Convulsions and Convulsive Deaths of C;H Male Mice when Housed 
20/Cage and 1/Cage. Twenty mice tested in each group. 


No. show- 
ing con- No.convul- Avg age at 

No./cage Diet Salt mixture vulsions* — sive deaths death 
et Basal Jones-Foster t 15 11 428.3 

20|| 33 % me 0 0 550.3 
20 as a 24 A 0 0 554.9 
209 —; Osborne-Mendelt 2 0 577.9 
20 Crisco* * Jones-Fostert 2 0 547.9 


* At least one convulsion observed. 
groups. + Modified as stated. 
moved for chemical analyses at 427-455 days. 
415 days. ** Crisco 17%, no lard. 


with the modified Jones-Foster formula. The 
results are shown in Table I. 

These results show that housed 20 per cage 
there is a striking reduction in both incidence 
of convulsions and mortality as compared with 
single housing. There is no significant differ- 
ence between the groups of 20 per cage on the 
different diets used. It is clear that the num- 
ber housed per cage and not the diet deter- 
mines the result. 

Since the type of cage used in the above 
experiment for multiple housing differed from 
that used for single caging and since litter 
mate brothers were not tested at the same 
time, a more critical experiment was planned. 
Twenty C3H males were singly housed while 
their litter mates were housed in pairs in the 
same size cage; all were fed the basal diet 
(with the Osborne-Mendel salt) ad libitum. 
Experimental and control cages were kept as 
close together as possible in the rack. The 
usual routine of weighing and cage changing 
was followed, care being taken to avoid varia- 
bility. Results are shown in Table II. 

In this more completely controlled experi- 
ment in which the single known variable is 
number per cage, the same reduction both in 
mortality and incidence is found as noted in 
Table I. 


TABLE II. Incidence of Convulsions and Convul- 
sive Deaths in C,H Males Housed Singly and in 


Pairs. 
No. show- No. of Avg age 
No. ingcon- convulsive at death 
tested No./eage  vulsions deaths (days) 
20 1a, 12 5 434.1 
20 2 3 0 


500.3 


+ Experiment started 9 mo earlier than multiple 
§ As in (tf) except trace elements removed. 


|| 10 re- 
§ 10 removed for chemical analyses at 393- 


It may be noted that the average age of 
mice dying of causes other than convulsions is 
higher than for convulsive deaths. Causes of 
death expressed in per cent as whole numbers: 
Heart failure, 15; liver tumors, 35; kidney 
and bladder pathology, 11; lymphoma, 23; 
lung disease, including tumors, 4; hair balls, 
hernia, impacted colon, gastrointestinal path- 
ology, accidental death, each 1% or less; un- 
determined because of deterioration following 
death at night, 6. 


Discussion. Such convulsions as described 
above, attended by mortality which reaches a 
peak at about 11 months of age, complicate 
any long term experiment requiring singly 
caged C3H mice (for instance where reliable 
data on food consumption is necessary). 
Where housing in pairs or larger groups is 
feasible convulsive mortality is negligible. 

The data cited in Table II are conservative 
in terms of a much larger incidental exper- 
ience. For instance, currently we have a 
large number of mice 13 months of age on 
nutrition experiments, some housed singly and 
some in pairs. In 5 groups of 20 mice singly 
housed 40 have histories of repeated convul- 
sions with 24 fatalities, while 4 groups of 24 


mice housed in pairs, on the opposite side of 


the aisle, show only one mouse with an ob- 
served convulsion and with no convulsive 
death. Since these mice are not litter mates 
and are not on the same diets, obviously the 
data are not critical in respect to incidence of 
convulsions. They do, however, indicate the 
practical problem involved in life span experi- 
ments when using this strain. 

While the above facts show that a single 
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environmental variable may influence con- 
vulsive behavior in a striking way, we feel 
that, without further experimentation, they 
do not provide a basis for interpretation of 
the fundamental cause of the convulsions. 


In addition to the difference in convulsive 
behavior, singly and group housed mice ex- 
hibit differences in attitude which do not 
lend themselves well to objective measure- 
ment. The singly housed mouse has more ten- 
dency to move to the back of the cage when 
the cage is opened; it is more reluctant to be 
touched or picked up. It is described by at- 
tendants as more “difficult” to manage in 
routine procedures such as cage changing or 
weighing. One is tempted to describe the 
mouse as more “fearful” but as Griffiths(1) 
points out in his report on induced convulsions 
in rats, there may be objection to the use of 
the word in this connection. Furthermore, 
there seems to be sharp difference of opinion 
concerning interpretation of tests used for 
measuring fear in rats and mice. Hall(4) 
claimed his “open-field” test measures fear in 
rats but Bindra and Thompson(5) more re- 
cently found lack of correlation between re- 
sults obtained with this and other tests. Such 
uncertainties prompt us to state simply how 
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the mice react to a few specific situations. 

Although sound is the most widely used 
stimulus for inducing convulsions in rats and 
mice, there is no evidence that it plays a sig- 
nificant role in the convulsions reported here. 
Most of the seizures are associated with cage 
changing and weighing. However, we do not 
assume that the observed convulsions differ 
qualitatively from sound-induced convulsions. 
It seems more likely that the mice differ 
merely in degree of susceptibility to environ- 
mental change. 

Conclusions. C3H male mice, singly housed 
and fed ordinary diets, show a high incidence 
of convulsions, associated chiefly with cage 
changing and weighing. When housed in 
pairs or larger groups the incidence of convul- 
sions is low and the mortality negligible. 
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From the Departments of Physiology and Chemistry, Medical College of South Carolina, 
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Numerous workers have found that the 
liver is responsible for the oxidation of the 
major part of administered alcohol. Jacob- 
sen(1) reviewed the work pertaining to this 
subject, and concluded that both alcohol de- 
hydrogenase and catalase are likely concerned 
in this action. The present study was initi- 
ated in an effort to correlate the rate of disap- 
pearance of ethanol from the blood with the 


* This investigation was supported in part by a 
grant from the Committee on Problems of Alcohol, 
National Academy of Sciences—National Research 


Council. 


ethanol-oxidizing capacity of liver homoge- 
nate, and with the activity of hepatic catalase. 

Methods. Twenty per cent ethanol, in 
saline, in dosages of 1 g/kg, was administered 
intravenously in dogs fasted 16 hours. The 
concentration of blood alcohol was determined 
by the method of Marshall and Fritz(2), at 
90 minute intervals, during a period of 6 
hours in which the dogs received neither food 
nor water. Drinking water, but no food, was 
then placed in the cage. Eighteen hours later 
the animal was sacrificed. The abdomen was 
opened at once. Four or more samples of 
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liver were removed and placed in an iced ves- 
sel. While the hepatic specimens were being 
prepared for analysis, the remaining liver 
was removed, washed free of blood, blotted 
dry, and weighed. Liver specimens were 
weighed, homogenized in a chilled glass homo- 
genizer, with 4 volumes of ice cold water, and 
centrifuged. The supernatant was diluted 
with 3 volumes of cold water. To 5.0 ml of 
the buffer-cozymase mixture of Marshall and 
Fritz(2), were added 0.05 ml 10% ethanol 
and 0.2 ml liver supernatant. This mixture 
was incubated, at 37°, for 60 minutes and 
read in a Beckman spectro-photometer at a 
wave length of 340 mu. The quantity of 
ethanol oxidized was obtained by reference 
to a standard curve, and calculated as micro- 
grams per mg of liver. As a blank, 5.0 ml buf- 
fer-cozymase mixture and 0.2 ml liver super- 
natant were used. Catalase activity of liver 
was determined as follows: an aliquot of the 
1:20 liver supernatant, described above, was 
diluted with 0.01 M potassium phosphate buf- 
fer (pH 6.8) to give a final dilution of 1:500. 
The assay procedure of Feinstein(3), using 
perborate substrate, was then used. Nitrogen 
was determined by a colorimetric micro- 
Kjeldahl method. In all cases, duplicate de- 
terminations were made and averaged to give 
the value being presented. 


Results. For the purposes of the present 
study it was considered desirable to calculate 
the total number milligrams of ethanol disap- 
pearing from the blood per hour, during the 
six hour period in which the blood ethanol 
concentration was followed. This value may 
be obtained by use of the following formula: 


Tipe 


Se ay where ED = the total 
aw Co 

mg of ethanol leaving the blood per hour; 
Co = the blood ethanol concentration at zero 
time, in mg %, found by extrapolation of the 
blood alcohol curve during 6 hours; C = 
blood ethanol concentration at the 6th hour; 
T = time between Co and C, in hours, e.g., 
6; D = dosage, the total number of mg ad- 
ministered. Beta, an index of the rate of al- 
cohol metabolism, was calculated as indicated 
by Newman and Lehman(4). 

In Fig. 1 the relation between the liver oxi- 
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FIG. 1. Relation between liver oxidation of ethanol 
and disappearance from the blood per hr. 


dation of alcohol and the disappearance from 
the blood are presented. Twenty dogs, with 
each sex equally distributed, were used in the 
experiments. 

Correlation coefficients between ED and 

various determinations were calculated with 
the following results: 
(a) liver weight in g, 0.797 (b) oxidation of 
ethanol by whole liver per hour, in mg, 0.866 
(c) oxidation per g liver nitrogen per hour, 
in mg, 0.367 (d) catalase equivalents per 
whole liver, 0.602. 


Discussion. The values for the index of 
oxidation fall within the range of Beta, re- 
ported by Newman and Lehman(4), follow- 
ing dosages larger than those used in the 
present study. Since the effect of dosage is 
relatively small in dogs(5), our results indi- 
cate that the technics of administration of 
ethanol, and of its determination in blood, are 
satisfactory. 

The method used in estimating the activity 
of catalase is reliable although error may be 
introduced in its application to hepatic tissue 
if excess blood is incorporated in the liver 
homogenate. In view of the findings of Rich- 
ardson et al.(6) that catalase activity of blood, 
in dogs, is considerably less than that found 
in a majority of other species, it seems unlikely 
that the catalase of the erythrocytes is an im- 
portant contaminant in our experiments. It 
is recognized that the catalase activity, as de- 
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termined in this assay, does not depend upon 
its reaction with ethanol. However, no 
method is available for the determination of 
catalase activity in respect to its specific re- 
action with, or action on, ethanol. The ac- 
tivity reported is merely a measure of the 
degree of its action upon perborate substrate. 

The determination of the extent of oxida- 
tion of ethanol by liver homogenate depends 
upon an estimation of the quantity of reduced 
diphosphopyridine nucleotide (DPN) pro- 
duced when the homogenate is incubated in a 
solution containing DPN and a relatively high 
concentration of ethanol. Lower concentra- 
tions of ethanol in the solution resulted in 
yields of reduced DPN which did not bear a 
linear relation to varied volumes of homo- 
genate. The concentration of ethanol in the 
substrate, at the level finally selected, gave 
concentrations of reduced DPN that bore a 
linear relation to the volume of homogenate 
used. It cannot be stated definitely that 
the ethanol is being oxidized by alcohol dehy- 
drogenase, catalase, by either, or by both. 
In the absence of reports of this action by 
enzymes other than alcohol dehydrogenase 
and catalase, it seems likely that these two 
enzymes are chiefly involved. Keilin and 
Hartree(7,8) have shown that on addition of 
ethanol and catalase to a primary oxidation 
system, in which molecular Oz is reduced to 
H2Os, an increased uptake of Oz is obtained. 
The increased O. uptake was shown to be due 
to the secondary oxidation of ethanol to acet- 
aldehyde by the H2O. formed in the primary 
reaction. In our method, it is likely that cat- 
alase oxidation of ethanol is at a low level for 
the following reasons: (a) the reaction is car- 
ried out in stoppered containers in practically 
anaerobic conditions (b) substrates for any 
primary oxidizing system are available only in 
minute concentration (c) any acetaldehyde 
which might possibly be used as a substrate 
by the primary oxidizing system is bound by 
the excess semi-carbazide and thus made un- 
available. Under the conditions of the experi- 
ment it may be that the predominant en- 
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zymatic activity is that of alcohol dehydro- 
genase. In the absence of specific evidence 
for this reaction, the action is designated mere- 
ly as oxidation of ethanol by liver homogenate. 

Eggleton(9) has pointed out that a quanti- 
tative relationship is evident between the 
metabolic rate of ethanol oxidation and its 
concentration in plasma, when the results of 
the former are expressed in terms of liver 
weight. In cats, the metabolic rate of alcohol 
correlated more closely with liver weight than 
with body weight. Our results with dogs con- 
firm this finding. 

The high degree of correlation between ED 
and the oxidizing capacity of the liver indi- 
cates that the method described furnishes an 
adequate means of investigating the total 
ethanol oxidizing capacity of the liver but 
does not give specific evidence of the role of 
individual enzyme systems. Further investi- 
gations are planned to delineate the specific 
roles of alcohol dehydrogenase and catalase 
in the oxidation of ethanol. 


Summary. The rate of disappearance of 
ethanol from the blood has been correlated 
with liver weight, hepatic catalase activity, 
and ethanol oxidative capacity of liver, with 
the latter showing the highest degree of cor- 
relation. A method for the determination of 
the ethanol oxidizing capacity of hepatic tis- 
sue has been described. 
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A Simple Stain for Mitochondria.* (21688) 


Rosert Love, Ernest V. Orsi, AND EuGENIA E. Berry. (Introduced by H. R. Cox.) 


From Viral and Rickettsial Section, Research Division, American Cyanamid Co., Pearl River, N. Y. 


In the course of a cytological investigation 
of mouse ascites tumors(1,2) and of neoplastic 
cells of chickens(3), it was observed that 
under certain conditions small cytoplasmic 
granules could be stained with toluidine blue. 
The appearance and distribution of these gran- 
ules were identical with those of the mitochon- 
dria as revealed by phase microscopy and 
supravital staining(2,3). This paper describes 
a simple stain for mitochondria based on these 
observations, and presents a study of the 
chemical basis of the method employed. 

Experimental. Tissues. The following tis- 
sues were used. Ehrlich, Krebs 2B, sarcoma 
37, MCIM sarcoma, TA3 carcinoma, lymph- 
oma #1,6C3 HED and DBA lymphoma mouse 
ascites tumors(4), chicken, rat and mouse 
liver and spleen, rat pancreas and the RPL-12 
chicken lymphoma(5). Staining. 1. a) Pre- 
pare smears of ascites tumors or of cells 
scraped from the freshly cut surface of tissues. 
Drop the smears rapidly while still wet, face 
downwards, into 10% formalin, freshly sat- 
urated with HgCly. at 37°C and fix at this 
temperature for at least 10 minutes. b) Fix 
blocks of tissue (less than 3 mm thick) in the 
same way for 2 or 3 hours; prepare frozen 
sections (6 » thick), float in 70% alcohol, 
mount on dried, albuminized slides and allow 
to dry. 2. Wash the slides in tap water for 
10 minutes; if necessary, they can be stored 
in water for several days. 3. Stain for 5 min- 
utes in 0.01% toluidine blue O in Mcllvaine 
buffer of pH 6.0. This solution will keep for 
at least a month. 4. Wash for one minute in 
distilled water. 5. Immerse in a freshly pre- 
pared mixture of equal parts of 5% aqueous 
ammonium molybdate and 1% aqueous potas- 
sium ferrocyanide for 5 minutes. 6. Wash for 
one minute in distilled water. The nuclei may 
be counterstained with carmalum at this stage. 
7. Dehydrate in alcohol, clear in xylol and 


* The authors wish to thank Marie J. Warford 
for her valuable technical assistance and Leslie 
McWilliam for the photomicrographs. 


mount in Permount. The mitochondria are 
stained dark blue, the cytoplasm pale blue, 
and the chromatin pale purple (Fig. 1-3).t 
Rationale of the method. 1. Fixation. In 
order to investigate the role of fixation in dem- 
onstrating the mitochondria, smears were 
fixed in the following solutions: 10% for- 
malin saturated with HgClo (formol subli- 
mate), 5% glacial acetic acid in saturated 
aqueous HgCls, 10% formol saline, formol 
Zenker, acetic Zenker, Bouin and Worcester 
(6) fluids. A few granules resembling mito- 
chondria were stained capriciously only when 
mercurial fixatives were used; the mitochon- 
dria appeared larger and staining was more 
intense after fixation in formol sublimate. 
Fixation was sometimes inadequate at room 
temperature, and the more rapid fixation of 
smear preparations produced by raising the 
temperature of the fixative caused the cells to 
adhere better to the slide. Extension of the 
time of fixation in formol sublimate led to an 
increase in the precipitation of mercurial salts, 
but had no effect on the number and size of the 
mitochondria stained. Prolonged washing 
after fixation—a process which usually re- 
moves precipitates formed by formol subli- 
mate—had no effect on the staining reaction. 
The staining of mitochondria after treatment 
with mercurial fixatives was unlikely, there- 
fore, to be the result of a simple precipitation 
of mercurial salts. Mercury combines with 
the carboxyl and hydroxyl groups of protein, 
and with the phosphoric acid nucleic acids 
(7). Since the mitochondria were not stained 
when slides were treated with Lugol’s iodine 
and 5% sodium thiosulfate after fixation in 
formol sublimate, a chemical combination of 
mercury with some substance in the cell 
seemed likely. Application of iodine and thio- 
sulfate separately indicated that the iodine 


+To obtain the best results, thin evenly-spread 
smears should be used. In thick smears, the stain- 
ing may be improved by raising the pH of the buffer 
to 7 or 8. 
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FIG. 1. Smear of Ehrlich mouse ascites tumor. 
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Toluidine blue mitochondria stain * 1350. 


FIG. 2. Smear of RPL-12 chicken lymphoma. Toluidine blue mitochondria stain * 1750. 
FIG. 3. Frozen section of rat liver. Toluidine blue mitochondria stain < 1750. 


blocked the staining reaction, probably by the 
formation of soluble mercurial iodides. When 
suitably fixed slides were immersed in the 
molybdate ferrocyanide (MF) mixture, with- 
out previous exposure to toluidine blue, the 
mitochondria became refractile and were 
readily seen with the ordinary microscope. 


This phenomenon was dependent, in the same 
way as the staining reaction, upon the presence 
of mercuric salts in the fixative. 

2. Cytochemical constituents necessary for 
staining. The lipid nature of mitochondria 
was shown by their sudanophilia in wet-fixed 
smears stained with Sudan black B(8). Ex- 
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traction of lipid with hot chloroform-methanol 
abolished their staining reaction with Sudan 


black and with the toluidine blue method de- « 
scribed above; it also prevented the increased: 


refractility produced by the MF mixture. The 
latter reaction still occurred after ribonuclease 
digestion(9), which practically abolished 
staining of the cytoplasm and the mitochon- 
dria by the toluidine blue method. The lipid 
component of the mitochondria was, therefore, 
essential for the alteration in refractility pro- 
duced by the MF mixture, and the presence of 
RNA and lipid was necessary for mitochon- 
drial staining. 

3. The toluidine blue solution. The mito- 
chondria were well stained when acetate or 
phosphate buffers of suitable pH, or even dis- 
tilled water, were used in preparing the dye 
solution. The buffered stain, however, kept 
better and gave more consistent results. When 
the pH of the toluidine blue solution was be- 
yond the range of 4-8, or the concentration of 
the dye was too great (more than 0.05%), the 
mitochondria could not be stained even after 
24 hours in the dye solution. Dilute solutions 
of toluidine blue, therefore, contained a dye 
which stained mitochondria at pH 4-8. At- 
tempts to concentrate or extract this dye with 
chloroform, ether or alcohol were unsuccessful. 

4. The MF mixture. Addition of the com- 
ponent solutions of the MF mixture sepa- 
rately, or in combination, to the toluidine blue 
stain in a test tube precipitated practically all 
the dye, together with the molybdate and fer- 
rocyanide (as demonstrated by spot tests 
(10)). The resultant precipitate in each case 
was insoluble in xylol and practically insolu- 
ble in water and alcohol. When smears were 
stained by the method described and examined 
before immersion in the MF mixture, the mito- 
chondria were unstained and the cytoplasm 
was uniformly pale blue. After washing and 
treatment with the MF mixture, the mitochon- 
dria were stained dark blue and the cytoplasm 
was unchanged except for a minute unstained 
halo around some of the larger mitochondria. 
Omission of either component of the MF mix- 
ture decreased the intensity of mitochondrial 
staining. The mitochondria could not be 
stained if the MF mixture was added directly 
to the toluidine blue solution before or after 
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the slides had been placed in it. The action of 
the MF mixture was not simply to decrease 
the solubility of the metachromatic fraction of 
the dye in alcohol, as suggested by Bensley 
(11); nor was it a simple precipitation of dye 
from the toluidine blue solution, which had to 
be washed off before the mitochondria could 
be stained. After treatment of the cell with 
solutions containing mercury salts, a com- 
ponent of the MF mixture combined with, or 
was adsorbed or precipitated onto the mito- 
chondria when the lipid moiety was intact. 
If the cytoplasmic RNA (or mercury ribonu- 
cleate) was first stained with a critical dilution 
of toluidine blue at a suitable pH, the resultant 
dye-complex combined with the MF com- 
ponent to produce intense staining of the mito- 
chondria. The presence of a minute unstained 
halo around some of the mitochondria would 
suggest that the Hg-RNA-dye complex which 
stained them may have been precipitated or 
adsorbed from the cytoplasm around the 
organelle. 

5. Other conditions affecting staining reac- 
tion. The mitochondria were most effectively 
stained in smears when the cells were evenly 
spread, discrete and intact. Thus, the smear 
preparations of ascites tumors (Fig. 1), 
chicken lymphoma (Fig. 2) and spleen stained 
well, whereas many liver and pancreas cells 
remained in clumps or were ruptured in the 
preparation of the smear, and stained poorly. 
The mitochondria were also unevenly stained 
in dense aggregations of cells in smears, and 
in frozen sections. The diminished surface 
area of contiguous cells would appear to pre- 
vent adequate penetration by the fixing and 
staining reagents. Increased fixation and 
staining times, alterations in the concentration 
and pH of the toluidine blue solution, and 
prolonged immersion in the MF mixture were 
of no avail in demonstrating the mitochondria 
in paraffin sections or in air-dried smears. In 
view of the need for retaining the lipid com- 
ponent of the mitochondrion, failure to stain 
in paraffin sections was to be expected. In 
air-dried smears the absence of mitochondrial 
staining by toluidine blue or Sudan black was 
probably due to the decreased permeability to 
staining solutions, or to an alteration in the 
iso-electric point of cell proteins which is pro- 
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duced by air drying(12). 

6. Cytochemical interpretation of the stain- 
ing reaction. Kurnick et al.(13) have shown 
that cytoplasmic granules containing stilbami- 
dine ribonucleate can be stained with 1.0% 
toluidine blue after exposure of living ascites 
cells to stilbamidine-diisethionate. The ap- 
pearance of these granules closely resembles 
that of mitochondria stained by the method 
outlined here. The action of stilbamidine on 
the living cell, like that of mercury in our 
method, may be to combine with RNA in, or 
on, the mitochondria to produce a complex 
which can be stained with toluidine blue. 

The results presented above indicate that 
the staining reaction was dependent upon the 
presence of lipid in the mitochondria, and of 
RNA in the cytoplasm and possibly in the 
mitochondria. Differential centrifugation stud- 
ies have shown that RNA is present in large 
amounts in the microsomes, and to a lesser 
degree in the mitochondrial fraction of the 
cell(14,15). The recent work of Palade(16) 
and Porter(17) indicates that the basophilic 
properties of the cell probably reside in minute 
granules intimately associated with the endo- 
plasmic reticulum of the cell. The adsorption 
of such granules onto the mitochondria either 
during differential centrifugation or in the 
course of our method of staining could, there- 
fore, result in a false localization of RNA in 
the mitochondria. 

Summary. 1. An end-point method of 
staining mitochondria is described. The stain- 
ing reaction involves: 1) the combination of 
mercury a) with RNA and a constituent of 
dilute solutions of toluidine blue, and b) with 
lipid of the mitochondrion; 2) subsequent 
treatment of the cell with a solution of am- 
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monium molybdate and potassium ferrocya- 
nide to precipitate the Hg-RNA-dye complex 
onto the Hg-lipid of the mitochondrion. 2. 
The highest degree of permeability to the re- 
agents used and, therefore, the best staining 
results were obtained in smear preparations 
which were fixed in the wet state. The method 
was also applicable to frozen sections. 
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Conglutination Complement Adsorption Test in Diagnosis of Bovine 


Brucellosis. 


WarrEN FE. ENGELHARD* AND HArotp N. CARLISLE. 
University of S. Dakota, Vermillion. 


From Department of Bacteriology, 


The conglutination phenomenon was first 
described by Bordet and Strenge(1). Rein- 
vestigations of this reaction indicate that it 
may be successfully used as a diagnostic tool 
for certain diseases. Hole and Coombs(2), 
for example, applied it as a complement ad- 
sorption procedure in the diagnosis of gland- 
ers in horse and mules. When compared 
with the hemolytic complement fixation test 
(HCFT), this procedure detected antibodies 
earlier, to. a higher titer and for a longer 
period of time. Wolfe and Kornfeld(3) com- 
pared the 2 methods using Q fever immune 
sera, and found the conglutination comple- 
ment adsorption test (CCAT) to be more sen- 
sitive and more specific than either the warm 
bath or refrigerator hemolytic tests. Poly- 
akov and Katyaeva(4) found the CCAT to 
be more reliable than the HCFT in the diag- 
nosis of contagious bovine pleuropneumonia. 

In view of these favorable reports, we have 
compared the CCAT with 2 other accepted 
methods for the diagnosis of bovine brucel- 
losis, viz., (1) the rapid plate agglutination 
test (RPAT) and (2) the hemolytic comple- 
ment fixation test (HCFT). The CCAT, in 
comparison with RPAT and HCFT, offered 
no advantage with regard to simplicity of 
procedure, or objectivity of interpretation. 
Improvements of the RPAT in these respects 
have recently been reported(5), but it would 
be advantageous if agglutinins or complement 
fixing antibodies could be demonstrated 
earlier in the course of infection(6), or in 
higher titers, since the latter are significant 
with regard to severity of infection. Hemoly- 
tic complement fixing antibodies usually ap- 
pear before agglutinins(7), but certain sera 
cannot be tested by the HCFT because they 
nonspecifically inhibit guinea pig complement, 
or the guinea pig sera may not be the comple- 
ment of choice for a particular homologous 
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system(8). In order to gain the advantages 
of a complement fixation test we have studied 
the activities of nonhemolytic complements 
in the conglutinin complement adsorption 
test. 


Methods. Conglutinin was obtained from 1 
to 3 year old bovines. All sera were tested 
for the absence of brucella antibodies. The 
titration of conglutinin was similar to that 
described by Wolfe and Kornfeld(3). Inac- 
tivated bovine serum, diluted 1:10, was added 
in increasing amounts (0.05, 0.1, 0.15, 0.20, 
and 0.25 ml) to a series of 5 tubes. A dilu- 
tion of nonhemolytic complement (horse, cat, 
or pig serum), was added to each tube 
in 0.4 ml amounts. Sheep erythrocytes (0.4 
ml) were added to each of the tubes and 
saline added to bring the total volume to 2 
ml. The tubes were incubated at 37°C for 30 
minutes, then centrifuged at moderate speed 
(750 RPM) for 3 minutes. The sedimented 
cells were resuspended by placing a finger 
over the mouth of the tube and shaking with 
the full strength of the wrist and forearm. 
The tubes were allowed to stand at room 
temperature for 10 minutes. In the tubes in 
which conglutination occurred, the supernate 
was clear and sedimented aggregates of eryth- 
rocytes were present. In the absence of con- 
glutination a cloudy, homogeneous cell sus- 
pension was observed. The smallest amount 
of the bovine sera which effected complete 
conglutination was taken as one unit. Four 
units contained in 0.4 ml were utilized in the 
CCAT. The antigen employed was formalin- 
ized suspension of smooth Brucella abortus 
strain No. 1119. The organisms were grown 
on liver infusion agar in an atmosphere con- 
taining 10% COs, for 48 hours. The growth 
was harvested in sterile saline and held at 
80°C for one hour. Formalin (5%) was 
added to make a final concentration of 0.3% 
and the preparation standardized photomet- 
rically. The optimal antigenic dose and the 
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anticomplementary values were determined 
from the stock suspension. The antigenic 
dose was determined for each of the comple- 
ments used. Fortunately, with the comple- 
ments under investigation, these values fell 
within narrow limits (1:200, 1:400). One 
unit of antigen contained in 0.4 ml was util- 
ized in the CCAT. The nonhemolytic com- 
plements used were those of the horse, cat 
and pig. After adsorbing with sheep cells, 
which did not markedly alter the complement 
titer, the nonhemolytic complements were 
titrated in the presence of the brucella anti- 
gen. Dilutions of each complement, 1:40 for 
horse serum, 1:200 for pig serum and 1:40 for 
cat serum, were added to 5 tubes in increas- 
ing 0.05 ml amounts, starting with 0.05 ml. 
To each tube was added 0.4 ml of antigen. 
Saline was added to make a final volume of 
1.2 ml. The contents were mixed and the 
tubes were allowed to stand at room tempera- 
ture for 30 minutes, 0.4 ml of conglutinin 
(containing 4 units) was then added along 
with 0.4 ml of a 0.25% sheep erythrocyte 
suspension. After an incubation period of 30 
minutes at 37°C the tubes were centrifuged, 
shaken, and read for conglutination. The 
smallest amount of nonhemolytic complement 
which effected complete conglutination in the 
presence of 4 units of conglutinin and one 
unit of antigen was taken as one unit. Two 
units in 0.4 ml were employed in the CCAT. 
All complements employed consisted of a 
pool of the sera of 4 or more animals. Dupli- 
cate 2-fold dilutions of the test sera in 0.4 ml 
amounts, were prepared. Two units of com- 
plement contained in 0.4 ml and the optimal 
antigenic dose, also in 0.4 ml, were added to 
one series. The same amount of complement, 
without antigen, was added to the other series 
to determine anticomplementary activity. 
The tubes were incubated at room tempera- 
ture for 30 minutes. The indicator system, 
four units of conglutinin in 0.4 ml, and 0.4 
ml of a 0.25% sheep erythrocyte suspension, 
was then added. The tubes were incubated at 
37°C for an additional 30 minutes, centri- 
fuged, shaken and read. A cloudy homoge- 
nous suspension of sheep RBC indicated a 
positive test, aggregates of sheep RBC a nega- 
tive sample. The Huddleson rapid plate ag- 
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TABLE I. Comparative Results with Complements 
from Different Species. 


Agglutina- 
Horse Cat Pig tion Guinea pig 
(RPAT) (HCFT) 
1:2048 1:1024 1:64 1:500 1:64 
A.C. 1:16 
a 1:512 1:32 1:100 1:128 
A.C.*1:4 JNACY Il sis: 
1:2048 1:1024 1:64 1:800 1:128 
AUC mals ACCT LG 
1:1024 1:512 1:32 1:200 1:64 
INAC LIE RS) 
a z Xe 1:64 
1:4096 1:2048 ee 600) 1:512 
A.C.1:4 A.C. 1:16 
neg. neg. neg. neg. neg. 


9 ” ” ” 3 


* Anticomplementary. 


glutination test was employed utilizing the 
same antigen. The titers were taken as the 
smallest amount of serum which effected mini- 
mal agglutination. The hemolytic comple- 
ment fixation test was essentially that de- 
scribed by Smadel(9). 


Results. In general, with the CCAT, it 
has been determined that horse complement 
gives the most sensitive results, for example, 
in the detection of antibodies against Salmon- 
ella typhosa in the serum of the cat and hu- 
man(8), and of Q fever antibody in bovines 
(3). Our previous studies(10) with an epi- 
demic typhus-human antiserum system and a 
mumps-human antiserum system indicate the 
order of complement activity to be horse, cat 
and pig. The selection of complement for 
the brucella system was determined by select- 
ing 6 strongly positive and 3 negative serum 
samples and testing for complement fixing 
antibodies using horse, cat and pig comple- 
ment. 


Table I presents comparative results of 9 
bovine sera with various nonhemolytic com- 
plements, using the CCAT. Highest titers 
were observed with horse complement, the 
order of complement avidity according to 
titers being: horse, cat, and pig. The average 
titers for the 6 positive sera were: 1:2065; 
1088; and 40 respectively. The RPAT and 
HCFT were also included, and gave average 
titers of 1:560 and 1:160 respectively. The 
negative sera were negative in all tests. 
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TABLE II. Comparative Results of Rapid Plate 
Agglutination, Hemolytic Complement Fixation 
and Conglutinin Complement Adsorption Tests. 


Group RPAT HCFT CCAT 
A.C.* A.C. 
ie 1:50 DEBE) 6 ALIS 1:64 
1:100 OAs 1:256 
1:200 Hite 6s saad ROE: 1:2048 
is W512 1:4096 
1:1600 see Tee ALi ey % 
1:800 LS 1:2048 
LO) IGS ANG, nitsy! 62) 
1:100 1:32 1:1024 
1:800 MRIS MURA) 1:2048 
1:50 1:16 13256 
1:500 13128 1:2048 
1:100 Wal} Lod? 
1:1600 1:512 ; 1:4096 
1:100 132 1:2048; 1:4 
1225 1:8 1:256 
% Gas LEO Sse a 
1:800 ilgili alfeals} i 
A ebY0) a CGy: Seas Ee) da 
1:100 1:256 3 
1:200 1:32 as 
2. 1:25 neg 1:128 
1:50 y 1:256 
. g 1:128 
3 neg. neg 6 
. is 1:32 
* ca 1:16 
H 1:8 
4 neg. WEG 1:1024 
i Te pete WG 1:64 
4 tn ot ett P28 


* Anticomplementary. 


The test sera were not equally anticomple- 
mentary (AC) to all of the complements 
tested. For example, one of the brucella sera 
was AC to horse serum, 3 to pig serum, and 
4 to guinea pig serum. The only complement 
not affected was that found in cat serum. 

Titers of the bovine serum samples tested 
for brucella antibody by the three methods 
described above are presented in Table II. 
Of 120 sera obtained from the South Dakota 
State Health Laboratories, 97 were submitted 
as positive and 23 as negative by the RPAT. 
Antibody was detected in 98 of the samples 
by use of the HCFT and in 108 by use of 
the CCAT, higher titers being characteristic 
of the latter test. Representative titers are 
given in groups 1-4. Group 1 illustrates typ- 
ical titers observed with the 120 sera. With 
4 samples, (Group 2), agglutinins were de- 
tected while hemolytic complement fixing an- 
tibodies' were absent. In addition, 11 of the 
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sera were negative by all three tests, while 8 
samples (Group 3) were negative by the ag- 
glutination and HCFT, but were positive by 
CCAT. The CCAT titer in these cases, how- 
ever, never exceeded 1:64. Four sera (Group 
4) which were positive by the complement 
fixation procedure and the CCAT were nega- 
tive by the agglutination method. 


The CCAT titers averaged 4-20 times 
higher than the rapid plate agglutination tit- 
ers and 2-32 times higher than the hemolytic 
complement fixation titers. The agglutina- 
tion titers were from 1-8 times higher than 
those obtained with the HCFT. Of the 120 
sera, 48 were anticomplementary to guinea 
pig serum and 11 to horse complement. 


Discussion. The CCAT can be used suc- 
cessfully for the detection of nonhemolytic 
complement fixing antibodies in brucella in- 
fected bovines. Furthermore, horse comple- 
ment was less anticomplementary than guinea 
pig (hemolytic) complement. This new pro- 
cedure has several advantages. First, the 
CCAT may be useful particularly in investi- 
gations where the test sera are anticomple- 
mentary to guinea pig complement. Secondly, 
this procedure can pick up weak antibody re- 
sponses such as may follow repeated exposure 
to the killed brucella or recovery from infec- 
tion. Furthermore, it is generally agreed that 
the titers are indicative of sensitivity of sero- 
logical procedures and severity of infections. 
Not only the consistently higher titers ob- 
tained with the CCAT but also the detection 
of brucella positives which were negative by 
the HCFT, confirm this viewpoint. That this 
increased titer was not due to the added con- 
glutinin present in the test sera was deter- 
mined by adsorbing conglutinin with 1% 
sheep cells and horse complement. The titer 
after such treatment remained unchanged. 


Summary. The use of the CCAT as a diag- 
nostic procedure for bovine brucellosis is pre- 
sented. This brucella system fixes the non- 
hemolytic complements of pig, cat and horse 
to varying degrees; horse complement gives 
the best results. In addition, bovine sera are 
less anticomplementary to horse than to 
guinea pig complement. Finally, brucella 
antibody can occasionally be detected by the 
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CCAT in bovine sera which are negative with 
the rapid plate agglutination test and the 
hemolytic complement fixation test. 
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KENNETH N. F. SHaw AND Marvin D. Armstrone. (Introduced by Emil L. Smith.) 


From the Laboratory for Study of Hereditary and Metabolic Disorders, and Departments of 
Biological Chemistry and Medicine, University of Utah College of Medicine, Salt Lake City. 


Many years ago, Dakin(2) and Knoop(3) 
observed that hippuric acid excretion in- 
creased when £-phenylserine was adminis- 
tered to animals. The recoveries of hippuric 
acid were low, and at that time it was not pos- 
sible to determine if any of the 6-phenyl- 
serine had given rise in vivo to phenylalanine 
or tyrosine. It has since been shown that 
8-phenylserine is not converted into a sig- 
nificant amount of phenylalanine or tyrosine 
by the young rat(4). The configuration of 
the @-phenylserine used(5) had not been es- 
tablished at the time of that work, however, 
and the possibility remained that the biologi- 
cal activity of the diastereoisomer, /-allo- 
phenylserine, might be markedly different. 
Recent work has shown that the configuration 
of B-phenylserine is threo(6), and satisfac- 
tory procedures have been developed for the 
preparation and assay of pL-f-phenylserine 
(threo) and pt-f-allophenylserine (erythro) 
(7). This paper presents the results of ex- 
periments testing the ability of -allophenyl- 
serine to serve as a precursor for phenyla- 
lanine or tyrosine in the young white rat, and 
comparing the effect on growth of the diaster- 


* This research was supported by grants from the 
U. S. Public Health Service. A preliminary ab- 
stract was presented earlier(1). 


eoisomers in a complete diet or diets deficient 
in phenylalanine or tyrosine. 


Methods. The basal synthetic diet con- 
tained in g/kg: glycine, 10; pr-alanine, 10; 
pL-valine, 22; u-leucine, 22; t1-isoleucine 
(containing p-alloisoleucine), 22; L-cystine, 
3; pL-methionine, 5; tL-threonine, 7; L- 
aspartic acid, 13; t-glutamic acid, 45; pbr- 
tryptophan, 4; L-arginine.HCl, 12; 1-lysine. 
HCl, 25: t-histidine.HCl.H,0, 10; NaHCOs, 
20; Celluflour (Chicago Dietetic Supply 
House, Inc.), 50; salts (No. 2, General Bio- 
chemicals, Inc.), 40; sucrose, 377; Spry or 
Crisco, 250; cod liver oil, 50. Vitamins 
(mixed with Celluflour and salts) present in 
mg/kg were: folic acid, 3; thiamine.HCl, 6; 
riboflavin, 25; pyridoxine.HCl, 6; nicotinic 
acid, 25; calcium pantothenate, 40; p-amino- 
benzoic acid, 200; choline hydrochloride, 
3000; biotin, .1; vit. Bys, .1. For the basal 
lactalbumin diet, the amino acids and sucrose 
were replaced by lactalbumin (Nutritional 
Biochemicals Corp.) and dextrin (Merck, 
N.F.V.), respectively. 1i-Phenylalanine, L- 
tyrosine, and the 6-phenylserines were incor- 
porated in the diets in the amounts shown in 
Tables I, II and III and equal weights of 
sucrose or dextrin were omitted. DL-f- 
phenylserine and pr-8-allophenylserine were 
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TABLE I. Effect of g-Phenylserines on Rats Receiving Phenylalanine-Deficient Diet. 


Supplement (%) to basalsyn- No. of Avg wt Avg food 
thetie diet + .80% L-tyrosine rats Days change (g) intake (g) 
None ae AE ee 0-10 oor oo ae 2a 
11-20 = 2.7 4 1.2 paca 5) 
.70 DL-Phenylserine 4 0-10 = Wise 35 2241.5 
.70 pt-Allophenylserine 11-20 - 15+ .6 22 + 1.1 
.70 pL-Allophenylserine 4 0-10 1 8y\0 Mam lAe) 23 + 1.3 
.70 pL-Phenylserine 11-20 —- 60+1.2 21 + 2.3 
.60 L-Phenylalanine 3 0-10 +48 +5.0 67 + 5.0 
11-20 +45 + 4.2 87 + 6.8 


prepared as described previously(7). The 
other dietary components were commercial 
preparations. 

Male albino rats (Sprague-Dawley) were 
used. The synthetic diets were tested with 
young animals (45-55 g) which were given 
the basal synthetic diet plus either .8% L- 
tyrosine (Table I), or .4% t-phenylalanine 
(Table IL) for an initial 5 day depletion pe- 
riod, before incorporation of the experimental 
compounds. The lactalbumin diets (Table 
III) were tested with older animals (250-350 
g). Food and water were allowed ad libitum. 
Food consumption and weights were recorded 
daily, and standard deviation, o, was cal- 
culated for the data from each group of rats. 

The results presented in Table I indicate 
that allophenylserine, like phenylserine(4), 
does not give rise to phenylalanine to any sig- 
nificant extent in the rat. The animals re- 
ceiving allophenylserine resembled the control 
animals in appearance and loss of weight, 
whereas those receiving phenylserine lost 
weight more rapidly and presented an un- 
kempt appearance, despite equivalent food 
consumption. 

The data summarized in Table II show 
that allophenylserine is not converted to tyro- 
sine to any significant extent. There was lit- 
tle difference in weight, food consumption, or 


| 


appearance of animals receiving phenylserine, 
allophenylserine, or no supplement. It had 
already been established that formation of 
even a small amount of phenylalanine or ty- 
rosine under the conditions of the present. 
study would have caused a considerably in- 
creased rate of growth(8). 

The effects observed with the nutritionally 
complete lactalbumin diets are outlined in 
Table [1I. The animals supplied with phenyl- 
serine declined in weight markedly, partly 
due to decreased food consumption, and be- 
came unkempt in appearance, whereas those 
receiving allophenylserine resembled the con- 
trol animals. 

Discussion. pti-Phenylserine and _ pr-al- 
lophenylserine behave similarly in that nei- 
ther can serve as an effective precursor for 
phenylalanine or tyrosine in the rat, but differ 
markedly in that phenylserine has a much 
more toxic effect than allophenylserine, which 
seems to have no significant beneficial or dele- 
terious action. Similar differences have been 
reported in the effect of phenylserine and of 
allophenylserine on the growth of micro- 
organisms (9,10). 

One possible explanation for the greater 
toxicity of phenylserine is that it is a more ef- 
fective competitive antagonist of phenyl- 
alanine for some essential enzymatic reactions 


TABLE II. Effect of g-Phenylserines on Rats Receiving Tyrosine-Deficient Diet, 0-20 Days, 
2 Rats in Each Series. : 


Avg wt Avg food 

Supplement (%) to basal synthetic diet change (g) intake (g) 
.40 L-Phenylalanine Sp Oa se 5) ha == 73.0 
Idem + .70 DL-phenylserine + 6.0+ 1.0 60+ 2.0 

x + .70 Di-allophenylserine Spe Md) Se 5 66+ 1.5 

.60 as + .80 L-tyrosine +93 + 8.6 154 + 11.7 
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TABLE III. Effect of g-Phenylserines on Rats 
Receiying Complete Lactalbumin Diet, 4 Rats in 
Each Series. 


Supplement (% ) 


té basal laetal- Avg wt Ayg food 
bumin diet Days change (g) intake (g) 
None 0-15 +42+6.8 178 + 20.4 
2 DL-Phenylserine 16-30 -—7549.1 78+13.9 
Idem 0-15 —83 +19 55+ 8.3 

4 G10) Says 7s) ieee why 

2 pL-Allophenyl- 0-15 +30+ 8.6 180 +11.4 


serine 


than allophenylserine. This seems unlikely 
since the effect on growth was considerably 
less with .7% phenylserine (Table II) than 
with 2% (Table III), although the molar ra- 
tio of phenylserine to phenylalanine was ap- 
proximately 1.6 in both cases. A more rea- 
sonable interpretation is that phenylserine 
may be metabolized to a toxic substance much 
faster than allophenylserine. The ingestion 
of the greater amount of phenylserine (Table 
III) thus could have led to the formation of 
more of a toxic substance. It has already been 
shown that the toxic action of small amounts 
of p-fluorophenylalanine for the rat is mainly 
due to the fact that it is metabolized to form 
inorganic fluoride, rather than to its action 
as an anti-phenylalanine(11). Furthermore, 
it has been found that the liver enzyme, gly- 
cinogenase(12,13), splits L-allophenylserine 
to benzaldehyde and glycine nine times faster 
than L-phenylserine(14). Thus, phenylserine 
may be more readily available im vivo for 
metabolism by other pathways. 

Summary. 1. pt-Allophenylserine has no 
growth-promoting effect for the white rat 
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when added to diets deficient in phenylalanine 
or tyrosine. It may be inferred that it cannot 
be converted to either phenylalanine or tyro- 
sine to any appreciable extent. 2. pL- 
Phenylserine shows a toxic action, manifested 
by loss of weight, when supplied to rats in a 
synthetic diet devoid of phenylalanine but 
containing tyrosine, or in a nutritionally com- 
plete lactalbumin diet. ptr-allophenylserine 
has no appreciable effect at the same levels 
and under the same conditions. 
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Cardiac and Adrenal Hypertrophy in Albino Rats Following 


Acclimatization to Altitude. 


(21691) 


Epwarp J. VAN LIERE AND Epwarp J. FEpDOR. 
From Department of Physiology, School of Medicine, W. Virginia University, Morgantown. 


It has been reported that chronic exposure 
to continuous or discontinuous hypoxia in- 
duces cardiac and adrenal hypertrophy in sey- 
eral species(1-4). 

Methods. Eleven albino rats (Wistar- 
strain) were acclimated to altitude by sub- 
jecting them to a pressure of 303 mm Hg in 
a low-pressure chamber for 4 hours each day 
for 41 days. They were then fasted for 24 
hours, weighed, decapitated, and the heart 
and adrenals removed. These organs were 
trimmed, washed, blotted, and weighed. The 
control animals were treated the same as the 
experimental group, but were not subjected to 
hypoxia. 

Results. The mean HW/BW ratio of 4.39 
+ .170 found in the 11 anoxic rats was sig- 
nificantly higher at the 1% level than 


the value of 3.55 + .086 found in the 10 con- 
trol animals; the difference between the mean 
AW/BW ratio of 0.220 + .0082 for the 
treated and 0.181 + .0093 for the control rats 
was similarly significant. 

Summary. Albino rats subjected to discon- 
tinuous hypoxia (80 mm Hg for 4 hours a day 
for 41 days) showed significant cardiac and 
adrenal hypertrophy. 
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PRAVIN N. Buatrt. 


From the Section of Preventive Medicine, Yale University School of Medicine, New Haven, and the 
Department of Pathology and Bacteriology, Seth G. S. Medical College, Bombay. 


Youngner’s recent advance(1) in preparing 
viable suspensions of cells from monkey kid- 
ney tissue by trypsinization(2) led us into an 
investigation of means by which such suspen- 
sions might be stabilized. One of the aims of 
this study was to determine whether cell sus- 
pensions prepared in areas where monkeys are 
abundant might be shipped around the globe 
and still produce tissue cultures suitable for 


* Aided by a grant from The National Foundation 
for Infantile Paralysis. We are indebted to Mr. 
Otto Kerkman, National Foundation for Infantile 
Paralysis, New York, who expedited this study by 
receiving shipments from Bombay at the New York 
airport and forwarding them promptly to New 
Haven. 


the cultivation of poliomyelitis and other viral 
agents. The present communication describes 
the successful shipment of rhesus kidney cells 
from Bombay and their use in New Haven. 
Methods. Kidneys of young adult rhesus 
monkeys were trypsinized by a modification 
of Youngner’s method(1) worked out by one 
of us(3). The cells were grown in a simplified 
lactalbumin hydrolysate medium(4). The 
Waring blendor used in Youngner’s method 
has been replaced with a magnetic stirrer and 
a modified Erlenmeyer flask. A 500 ml flask 
is indented in 4 places at right angles to each 
other and perpendicular to the bottom surface 
of the flask. The indentation should cut into 
the bottom surface of the flask about 2.5 cm 
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giving the form of a shallow cross. They 
should extend about 24 of the height of the 
flask. For maximum mixing, the flask is 
modified further by increasing the slight 
curvature at its bottom. This is done simply 
by compressing upward the glass found in the 
arms of the cross. About 200 ml of fluid 
gives maximum turbulence and cavitation. A 
glass filter and outflow tube may be built into 
the bottom of the flask, and warm trypsin 
(0.25%) allowed to flow from a reservoir 
dropwise through the mixing chamber into a 
bottle held in an ice-water bath. In this way, 
once the kidney is cut into fragments about 
4 mm in size and added to the flask, the entire 
operation may be automatic and take place 
in a closed system(3). The cells are collected 
by centrifugation at 200 RPM (11 x gravity) 
for 30 minutes. Higher speeds, even for short 
periods, have been found to destroy 30 to 
60% of the cells. About 3 ml of packed cells 
are obtained per kidney. The trypsin is re- 
moved by aspiration and the cells resuspended 
in prewarmed growth medium consisting of 
0.5% lactalbumin enzymatic hydrolysate, 
2.0% calf serum, and 97.5% Hank’s salt solu- 
tion. An average yield of 0.5 to 0.7 x 108 
cells are obtained per gram of kidney. The 
cell count includes only cells showing both 
nuclei and cytoplasm after one part of the 
cell suspension is stained by the addition of 
0.1% crystal violet in 0.1 M citric acid. 
Freshly trypsinized kidney cells liberate a 
heat labile cytotoxin(3). If it is not removed 
it may destroy 90% of the cells in the suspen- 
sion. The cytotoxin is removed and the sus- 
pension stabilized by the following treatment. 
Freshly trypsinized suspensions at 0.6 x 10° 
cells per ml in growth medium are stored for 
about 24 hours at 0 to 4° C without mixing. 
The suspension is then centrifuged again at 
200 RPM for 30 minutes, the supernate dis- 
carded, and the cells resuspended at concen- 
trations up to 2.4 x 10° per ml in complete 
medium containing 4% calf serum and stored 
at O°C. We prefer to use calf serum because 
of its low titer of poliovirus-inhibiting sub- 
stances, but sera of other animals (sheep, ox) 
are as satisfactory for purposes of cell storage. 
The cells were shipped from Bombay on ice 
in polyethylene bottles, arriving in New Ha- 
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TABLE I. Storage of Monkey Kidney Suspen- 
sions Prepared in Bombay. 


Subsequent 
cell counts* 


in Bombay 


Ist cell count* Cell count* in 


in Bombay on New Haven Wk after 
day after 5 days after trypsinization: 

Lot trypsinization trypsinization Ist 2nd 3rd 
6A 6 3 : 

3 NE?) 19) 

C 2.4 er 

7A 6 oO 20) 6 4: 

B 12 0 Ia 0) 0 
C 2.4 2.2 2.4 2.4 2.2 
8A 6 45) AD) wee 

3 1.2 AY) RG) ieee alc 
C 2.4 IGE 2.3 2.3 2.3 
9A 6 5 Ome ONO 
B 1.2 0 BUY AAY alg 
C 2.4 2.0 2.4 2.4 2.4 
10A 6 A Ose O 

3 1.2 6 Male aleal 

C 2.4 ila IEORALS 
J1A 6 9) 6 

B 1.2 1.2 1.0 

C 2.4 ey) 2.4 


* Tn millions/ml. 


ven 2 to 3 days later. The use of a readily 
opened, insulated, picnic-type container facili- 
tated the re-icing of the package by airline 
personnel en route, in Cairo, Rome, Paris, and 
New York. At the time they were seeded for 
growth, the cells were centrifuged again and 
resuspended in growth medium to a volume of 
0.6 x 10° per ml. Growth was considered sat- 
isfactory if the glass surface covered by the 
cell suspension (whether in test tubes or Roux 
bottles) contained confluent sheets of epi- 
thelial cells 5 to 7 days after seeding. 
Results. This report is based on results of 
11 weekly shipments of cells during the period 
of November, 1954, through January, 1955. 
As shown in Table I, with the exception of 
certain lots, the cell counts in New Haven did 
not vary markedly from those made on the 
suspensions before leaving Bombay. An 
aliquot of certain of the suspensions 
was kept at O°C in Bombay and even 
after 16-19 days there was only a small 
fall in cell number and viability. After cul- 
tures were seeded and incubated at 37°C, the 
number of days required for cells to grow into 
epithelial sheets varied from 5 to 7 days. A 
part of the cell preparation was kept at 0° 
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for an additional 4 to 6 days or was shipped 
by rail to another laboratory 600 miles away. 
Cells were seeded as outlined under Methods, 
and viable cultures were almost always ob- 
tained. 


The epithelial cultures which grew out in 
tubes or bottles were tested for their suscep- 
tibility to poliovirus, and they proved to be 
the equal of cultures prepared in New Haven 
from freshly trypsinized kidneys. Thus in- 
fected Roux bottle cultures yielded Type 1 
and 2 virus fluids containing 10° and 10° TCs» 
doses per ml. Such fluids also contained be- 
tween 4 and 8 units of antigen per 20 cmm 
drop, the amount used in the plate comple- 
ment-fixation test. Virus harvested from in- 
fected bottles yielded similar values when 
titrated in tube cultures prepared from kid- 
neys trypsinized in Bombay or in New Haven. 
Such cultures have also been found to be sus- 
ceptible to poliovirus as found in stools of pa- 
tients and to a number of the orphan viruses. 

Cell suspensions from Bombay were found 
to respond irregularly in the pH colorimetric 
test for poliomyelitis neutralizing antibodies 
(5). Some lots gave results in parallel with 
those obtained using locally prepared cell sus- 
pensions, while others failed to metabolize. 
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This could be overcome by cultivating the 
Bombay cells in bottle cultures. After 7 days, 
the epithelial sheet which grows out can be 
dispersed into single cells by treatment with 
trypsin or 0.02% versene.t The cell suspen- 
sion is then diluted to contain 0.15 x 10° cells 
per ml and 0.2 ml used in each test culture. 
Summary. A method for stabilizing cell 
suspensions prepared by trypsinization of 
monkey kidneys is described. Such suspen- 
sions prepared in India and shipped to the 
United States were found to produce cultures 
useful for the propagation of poliovirus and 
the production of complement-fixing antigens. 


+t We are grateful to Dr. Marguerite Vogt for in- 
structing us in the use of versene in calcium- and 
magnesium-free phosphate buffered saline for this 
purpose. 


1. Youngner, J. S., Proc. Soc. Exp, BioL. AND 
Mep., 1954, v85, 202. 

2. Dulbecco, R., and Vogt, M., J. Exp. Med., 
1954, v99, 167. 

3. Rappaport, C., unpublished work. 

4. Melnick, J. L., and Riordan, J. T., Proc. Soc. 
Exp. BIoL. AND MED., 1952, v81, 208. 

5. Salk, J. E:, Youtigner, J./S., and: Ward, En Ne 
Am. J. Hyg., 1954, v60, 214. 


Received March 21, 1955. P.S.E.B.M., 1955, v88. 


Propagation of Bluetongue Virus of Sheep in Suckling 
Hamsters. 


(21693) 


V. J. Capasso, G. I. Roserts, J. M. Douctas, R. Zorz1, M. R. STEBBINS, AND 
HeRs Cox, 


From Viral and Rickettsial Section, Research Division, American Cyanamid Co., Pearl River, N. Y. 


Several strains or isolates of bluetongue 
virus have been successfully propagated in 
the developing chick embryo, both abroad and 
in this country(1-4). The serial transfer of 
the virus in this host resulted in the attenua- 
tion of the various isolates for sheep(5,6) and 
in the production of a safe, live, modified virus 
vaccine(7-8). Newborn mice were also shown 
to be susceptible to infection with all avail- 
able strains of bluetongue virus by the intra- 
cerebral route(9,10), and the multiplication 
of the Cyprus strain in this animal was re- 


ported in detail by Van Den Ende and co- 
workers(11). 

In the present communication, the serial 
propagation of several strains of bluetongue 
virus in suckling hamsters is reported. 

Materials and methods. Virus strains. The 
8 strains of virus used in these experiments 
were obtained from Drs. D. G. McKercher, of 
Davis, Calif., and D. A. Price, of Sonora, 
Texas.* They consisted of 4 strains originat- 
ing from Dr. Alexander’s laboratory in Onder- 
stepoort, Union of South Africa, (Cyprus, 
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Jansen, Mimosa Park and Estantia); 2 Cali- 
fornia isolates (BT8 and BT11) and 2 Texas 
strains (Sonora and Garden City). Upon re- 
ceipt in this laboratory, the BTS8 isolate rep- 
resented the 35th chick embryo passage, 
BT11 the 27th, Sonora the 42nd and Garden 
City the 5th. Although the chick embryo 
passage levels of the 4 South African strains 
were not specified on the samples received, 
they had been sufficiently modified for sheep 
in their laboratory of origin prior to the pres- 
ent study. Mouse and hamster litters. Lab- 
oratory bred litters of ICR Swiss albino mice, 
one to 6 days old, and golden hamsters, 3 to 
5 days of age, were used. Inoculations were 
given intracerebrally, each animal receiving 
0.02 or 0.03 ml according to size. The inocu- 
lum consisted of suspensions of either 10% 
infected chick embryo or 20% mouse or ham- 
ster brains, prepared in either M/50 phos- 
phate buffer at pH 7.4 or in beef heart infu- 
sion broth. They were routinely centrifuged 
at 2,000 RPM for 20 minutes before inocula- 
tion. Chick embryos. Eight-day-old white 
Leghorn embryonated eggs were used. a) 
Stock virus preparation. Upon receipt of the 
virus strains in this laboratory a 10° or 10° 
dilution was prepared in broth and inoculated 
in 0.2 ml amounts into the yolk sacs of 10 or 
more embryos. After a preliminary incuba- 
tion period of 24 hours at 35°C, the dead em- 
bryos were eliminated and the survivors re- 
turned for further incubation at 32°C. These 
embryos were harvested on the third or fourth 
day, when at least 40 to 50% had died. Fifty 
per cent suspensions made in phosphate buf- 
fer were centrifuged at 2,000 RPM for 20 
minutes, distributed in glass ampoules and 
stored in the freezer until used. b) Virus as- 
says or titrations. Twenty per cent or 10- 
fold hamster brain suspensions were made in 
broth and inoculated in 0.2 ml amounts into 
the yolk sacs of groups of 6 embryos each. 
Incubation was carried out at 33.5°C until 
all embryos died, or for no longer than 6 days. 
Bluetongue infection was routinely ascer- 
tained by the typical cherry red color of dead 


* The authors wish to express their thanks to Drs. 
D. G. McKercher and D. A. Price for the virus 
strains mentioned above. 
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embryos, and calculation of the mortality end- 
point was done by the Reed and Muench for- 
mula(12). Suspensions used as inoculum con- 
tained enough penicillin and streptomycin to 
give final concentrations of 500 units of the 
former and 200 micrograms of the latter per 
ml. Hyperimmune sera. These were pre- 
pared in guinea pigs with all 8 strains of virus. 
Hyperimmunization was carried out as fol- 
lows: A 20% dilution of stock virus was 
prepared and injected in eight 2.0 ml doses 
into six 400-500 g guinea pigs. The first 
6 injections were spaced one week apart, the 
seventh was given 3 weeks after the sixth and 
the eighth one week after that. The animals 
were bled out 14 days after the last injection, 
the serum of each group was pooled, distrib- 
uted in glass vials and stored in a mechanical 
freezer. Qualitative serum-neutralization 
tests. The inoculum was prepared by mixing 
equal volumes of undiluted homologous hy- 
perimmune serum and 20% infected hamster 
brain suspension of the respective virus 
strains. As controls, the virus suspensions 
were also mixed in equal volumes with either 
undiluted normal guinea pig serum or sterile 
broth. The set of 3 mixtures of each virus 
strain was held at room temperature for one 
hour before intracerebral inoculation into 
hamsters of one or 2 litters per mixture. The 
animals were observed for sickness and death 
over a period of 21 days. Immune and nor- 
mal guinea pig serum samples were routinely 
inactivated at 56°C for 30 minutes before use 
in the neutralization test. 

Results. Details relative to the serial trans- 
fer in suckling hamsters of the 8 strains of 
virus used in this study, to their effect on the 
experimental animals and to the results of 
the serum-neutralization tests were essentially 
the same. To avoid repetition, therefore, only 
those pertaining to the Jansen strain will be 
described in extenso. Serial propagation of 
the Jansen strain in suckling hamsters. One 
ampoule of the Jansen strain stock virus was 
thawed out, diluted to 10% in broth and in- 
oculated intracerebrally into one-day-old mice 
of the same litter. Although the mice re- 
mained normal in appearance for 5 days, they 
were sacrificed, their brains pooled and made 
into a 20% suspension in broth. A second 
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TABLE I. Serial Passage of Jansen Strain of Bluetongue Virus in Suckling Hamsters by the 
Intracerebral Route. 

Se — — ee 

Chick embryo inoculation 


Age of Tneubation : : 
Passage hamster period Virus assay Virus _ Titration 
No. (days) Tnoculum (days) (death in days) titration in hamsters 
if 3 20% mouse brain + 4/6-6* 
2 5 20% hamster brain 3 5/6-6 
3 5 Idem 3-4 4/4-5 
4 5 Z 3-4 3/4-6 1 
5 A 2-3 5/6-6 Oates 
6 5 + 4/4—4 
7 5 4-5 3/3-4 
8 5 3 4/4-6 
9 4 z 2-3 4/4-6 10-22 
10 4 x 6/6—-4 i828 
11 4 Z 3 6/6—-4 
12 4 2 6/6-6 
13 4 me 4/6-6 
os 4 4 6/6-6 
15 4 cs 5/5-6 
16 4 ¥ 6/6-5 
ly 5 Yl 3 6/6-5 
18 4 % 3 5/5—-5 
19 4 3 6/6—-6 
20 5 a 6/6-3 


*4/6-6 = No. of embryos dead in 6 days over No. alive after 24 hr of preliminary incuba- 


tion. 


passage was made in mice from 2 litters: one 
1-day-old and the other 2 days of age. Again 
these animals remained symptomless for 2 
days, at which time they were sacrificed. The 
third passage was made in mice of a 6-day-old 
litter. This time, all the mice sickened or 
died on the 4th and Sth days. Their illness 
was characterized by slow movement or com- 
plete apathy, their heads bent forward be- 
tween their front legs. 

The 20% suspension of the second mouse 
passage was also used to initiate a suckling 
hamster transfer series, details of which are 
given in Table I. One hundred per cent of 
the inoculated animals showed signs of illness 
from the first passage. The symptoms they 
exhibited were very similar to those described 
for suckling mice. As a rule, brain harvest 
was made when all animals presented signs 
of illness, and the few which were dead were 
discarded. The time lapse between inocula- 


random were relatively low, they seemed to be 
of the same order in both chick embryos and 
suckling hamsters. 


Identification of suckling hamster propa- 
gated virus. The hamster adapted virus was 
identified by a qualitative serum neutraliza- 
tion test, using the 10th suckling hamster 
passage as virus source. The results, sum- 
marized in Table II, seem to give unequivocal 
proof of the identity of this virus with the egg 
propagated Jansen strain. 


Discussion. As mentioned above, the ob- 
servations made during the course of the 
propagation of the Jansen strain of blue- 
tongue virus in suckling hamsters were almost 
identical with those made on the other strains 
used in this study. There was no difficulty in 


TABLE II. Results of Serum Neutralization Test 
against Jansen Strain of Virus from 10th Suck- 
lng Hamster Passage. 


tion and harvest, referred to as incubation \ Mortality Jo 
period in the table, was reduced from 4 to neues ee 
about 2 days as the number of passages in- Hyperimmune guinea pig* 4/13 30.8 

: : ‘J, . Normal guinea pig 12/13 92.3 
creased. Virus assays, made in the chick Broth 6/ 6 100 


embryo at every passage level, consistently re- 
vealed the presence of virus and, although 
virus titers of some passage levels selected at 


“Guinea pig serum hyperimmunized with egg- 
adapted Jansen strain. 


t+ No. of animals dead over No. inoculated. 


PROPAGATION OF BLUETONGUE VIRUS 


TABLE III. Newborn Mouse and Suckling Ham- 
ster Passage History of Eight Strains of Blue- 
tongue Virus. 


Newborn 
mouse pas- 
sages before 


Origin hamster Hamster 
of strain Name of strain inoculation passages 
Union of Cyprus 4 22 

S.Africa Jansen 2 20 

Mimosa Park i 8 
Estantia 7 8 
California BTS 28* 8 
{BSNL 9 22 
Texas Sonora 123* 14 
Garden City 3 9 


* Hamster adaptation was found possible for all 
strains after 2-6 newborn mouse passages. The 
levels shown here were arbitrarily chosen for the 
continuous hamster passage lines. 


establishing any of them in this host, and in 
every instance this was accomplished after a 
few serial passages in newborn mice. The 
mouse passage levels from which they were 
derived, as well as the number of passages 
that each strain has had in the suckling ham- 
ster, are given in Table III. Direct adapta- 
tion of chick embryo propagated strains to 
the suckling hamster was also possible with 
several of the strains tried. However, results 
of early passages were unpredictable, incuba- 
tion periods being much longer than with 
mouse-adapted virus, and mortality rates 
either reduced or absent after a few serial 
passages. 

Besides extending the experimental host 
range of this group of bluetongue virus 
strains, their adaptation to the suckling ham- 
ster has also allowed the present authors to 
prepare brain antigens which reacted specific- 
ally with their homologus hyperimmune 
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guinea pig sera in the complement-fixation 
test. Detailed experimental results of this 
latter test on all the strains at hand are to be 
reported in a future communication. 

Summary. The adaptation of bluetongue 
virus strains of different origin to the suck- 
ling hamster is reported. Details pertaining 
to the serial propagation of the South African 
Jansen strain of virus through 20 passages 
are given in extenso, together with results of 
its identification by the qualitative serum neu- 
tralization method. Mention is also made of 
the use of infected hamster brains for the 
preparation of bluetongue complement-fixing 
antigens. 
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Renal Excretion of Carbon Dioxide and Ammonia by the Alligator. (21694) 


RoLtanp A. CouLSON AND THOMAS HERNANDEZ. 


From Departinent of Biochemistry, Louisiana State University School of Medicine, New Orleans. 


The elimination of ammonia in the urine of 
vertebrates is generally considered to serve one 
or both of the following functions: base con- 
servation by replacement of inorganic cations, 
or excretion of the nitrogen produced in pro- 
tein metabolism. In mammals, the renal pro- 
duction of ammonia is thought to be stimu- 
lated by a decrease in the pH of the plasma 
or glomerular filtrate(1), a decrease in plasma 
alkali reserve(2), a decrease in plasma sodium 
(3) or a combination of these factors. Recent 
investigations(4) have revealed that none of 
the usual explanations of the mechanisms in- 
volved are quite adequate for the alligator. 
This report concerns the effect of various sub- 
stances and conditions on the renal production 
of NH3 and COs by the alligator, along with 
certain speculations on renal function. 

Methods. Ninety different alligators aver- 
aging 3 feet in length and 1.5 kg in weight 
were used in the study reported here. Skinned 
rats and occasionally mice served as the sole 
source of food during periods when the ani- 
mals were not being used for study. To mini- 
mize the effect of the rather considerable 
“alkaline tide’(5) all animals were fasted for 
4 days preceding experimentation. The chem- 
ical methods employed are described in a pre- 
vious communication(6). Osmotic pressures 
were done by the freezing point depression 
method with the Fiske Cryoscopic Osmometer. 
Urine was obtained by catheterizing the cloaca 
and by draining the contents into a small flask 
immersed in an ice bath. All samples were 
kept tightly stoppered and were frozen as 
quickly as possible in a deep freeze and stored 
at —15°C until they were analyzed. To pre- 
vent the loss of the labile ammonium bicar- 
bonate, 4 samples of each specimen were 
stored in individual pyrex tubes to insure that 
no determination would ever need to be re- 
peated on specimens which had been allowed 
to stand at room temperature for more than a 
few seconds. The experiments were done at a 
temperature of 28 + 2°C and at an average 
relative humidity of 60%. Under these con- 


ditions the loss of water by evaporation from 
the skin and lungs did not exceed 2 g/kg/day 
and it was discovered that the loss in body 
weight furnished the most accurate method of 
determining the total volume of urine pro- 
duced. It was not possible to collect all of the 
urine in the experiments where the volume 
excreted was very great since most of the 
alligators were under observation for periods 
of 5 days or more. Frequent samples were 
taken in any one day period of study and these 
were pooled in the same container and mixed 
before analysis. In those experiments where 
dehydration occurred, all of the urine in each 
24-hour period was collected without loss. 
The effects of the inaccuracy in collection were 
reduced by using at least 10 alligators for each 
experiment. Although the alligators were kept 
in a tank of water for 24 hours preceding the 
beginning of the period of observation we were 
never able to be sure that all of these animals 
were hydrated to the same degree. The os- 
motic pressure of the urine of controls ranged 
from 190 to 250 mOs/] and that of blood from 
277 to 301 mOs/I. 

Results. Preliminary experiments showed 
that the alligator, in common with other rep- 
tiles, is incapable of excreting a urine more 
concentrated than the plasma. The urine 
volume of well hydrated 1 kg animals proved 
to be high; of the order of 1 cc per hour. In 
this urine the ratio of NH; to COs is about 10 
to 7 and the osmolar concentration of these 2 
compounds accounts for 60-90% of the total. 
The great decrease in urinary CO. following 
carbonic anhydrase inhibition(6) makes it 
probable that the major share of this COs is 
produced by the kidney. Coulson et al.(7) 
reported on the presence of considerable 
amounts of ammonia in alligator blood. More 
recent investigations of this “ammonia” have 
revealed the fact that although “ammonia” 
may be demonstrated in the blood of most 
(but not all) alligators by conventional meth- 
ods of analysis, this substance is more ap- 
parent than real. Since the results of repeated 
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analyses of the total blood osmotic pressure 
and the inorganic cations have failed to per- 
mit the existence of any detectable amount of 
ammonium ions, it must be assumed that they 
were dealing with an artifact. 


The presence of such large amounts of NHs 
in the urine of an animal which does not re- 
quire its production to eliminate nitrogen is 
unusual. The concentration is also consider- 
ably in excess of that required to facilitate the 
removal of acids from the body. This great 
and seemingly unnecessary amount of NHs3 is 
almost entirely neutralized by the very con- 
siderable production of COs by the kidney. 
It is possible that COz and NHs are added to 
the glomerular filtrate to reduce the osmotic 


differential between the urine and the plasma. 


and hence to decrease the amount of work 
required to excrete excess water. 

Since the state of hydration was suspected 
of being of considerable importance in deter- 
mining the composition of alligator urine, sev- 
eral experiments were conducted to enable us 
to understand the mechanisms involved. It 
was found that when alligators were deprived 
of water the osmotic pressure of the urine rose 
and reached a maximum of about 290 milli- 
osmoles per liter by the 4th day. The vis- 
cosity of the urine also increased with the in- 
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FIG. 1. Effect of water deprivation for 4 days. 
Fraction marked ‘‘U’’ refers to undetermined an- 


ions and ‘‘P’’ refers to HPO, and/or H,PO,. 

Avg valence of P used in determining the mEq/1 

was calculated from the observed urinary pH val- 
ues. Avg for 10 alligators. 
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M. Eq./K 
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48h 


pH 783 788 786 7.72 
Ur. Vol, 
ce/K/4 22 64 25 15 
m Os/L 87 5 182 210 
FIG. 2. Effect of intraperitoneal injection of 140 


ce of H,O/kg. Avg for 15 alligators. 


crease in osmotic pressure until the urine was 
semisolid in character. Since collection proved 
to be difficult anytime after the 4th day, 4 
days was selected as the observation time for 
all experiments in which no water was given. 
In the series of experiments in which water 
was injected, 140 cc/kg was selected as being 
close to the maximum amount these animals 
could contain in a single intraperitoneal in- 
jection. 


Fig. 1 shows the change in the composition 
of the urine in a 4-day period of water depriva- 
tion. The greater relative decrease in COs 
over NHz; production enables the alligator to 
conserve base by permitting excretion of a 
greater portion of non-volatile anions than 
cations. The quantity excreted (but not the 
molar concentration) of both CO, and NHs 
is increased by the injection of 140 cc of water 
per kg body weight (Fig. 1 and 2). It is evi- 
dent that NHz and COs contribute a much 
greater share of the urine’s milliosmoles when 
large amounts of water are available for excre- 
tion than when dehydration decreases the 
urine flow. 

The casual examination of the relative 
efficiency of the kidney in hydration compared 
with dehydration would lead one to conclude 
that renal function is poor when water is re- 
stricted. Although it is true that the total 
output of all solutes is greater in the hydration 
group, this is not necessarily an indication of 
increased efficiency. The adequacy of renal 
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FIG. 3. Effect of intraperitoneal injection of various electrolytes. 
total amount excreted during first 2 days of each experiment. 


in each group. 


function in mild dehydration becomes appar- 
ent if the NH; and COs produced by the 
kidney in each experiment are subtracted from 
the total milliequivalents excreted in the 4-day 
period (Fig. 1 and 2). It then appears that 
the excretion of non-volatile electrolytes in the 
dehydration group is about the same as that 
in the hydration group. 

The concept of “‘osmolar clearance” was 
adopted in order to compare relative excre- 
tion rates following the injection of various 
compounds. For convenience “osmolar clear- 
ance” was defined as “the number of cubic 
centimeters of blood water which lost all of 
their osmoles in 24 hours time in an alligator 
whose body weight was 1 kg.” The more 
accurate designation of clearance per unit sur- 
face area was not possible due to the almost 
insurmountable difficulty in measuring the sur- 
face area of the alligator. In using osmolar 
clearance as a test of renal function no atten- 
tion is paid to the nature of the substances 
removed from the extracellular fluid; the ac- 
tual number of osmotically active non-volatile 


Each bar graph represents 
Ten or more alligators were used 


For the definition of ‘‘Osmolar Clearance’’ see text. 


particles appearing in the urine is the only 
index of clearance. That this method is sub- 
ject to some inaccuracies is indisputable. The 
valences of the particles which represent the 
undetermined fractions are not known at the 
present time. 

Fig. 3 compares the effect of the intraperi- 
toneal injection of various compounds on the 
urine composition. In each experiment in this 
series at least 10 alligators were observed for a 
period of 4 days or more. To reduce the 
changes wrought by severe dehydration, the 
bar graphs in the figure represent the total ex- 
cretion of ions in the first 2 days of each ex- 
perimental period. The hydration and dehy- 
dration groups are included for comparison. 
It may be seen that although the total osmolar 
output in the urine is greater in the hydration 
series than in the group injected with 140 cc 
of isotonic saline, the osmolar clearance of the 
saline group is over twice as great. The 
changes are in the character of the excreta 
rather than in the quantity. NaCl drastically 
reduces the CO, output while having little 
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effect on the NH;. The net effect is the pro- 
duction of a more acid urine due to NH,Cl 
excretion and a slightly more alkaline blood as 
a résult of Na retention. Here Cl loss is af- 
fected not by the increase in NH3, but by the 
decrease in COs production which leaves more 
NHs available to combine with Cl. Although 
the milliosmolar excretion of NH; may be 
greatly increased by increasing the urine flow, 
no great increase in the molar concentration 
is theoretically possible since the total osmotic 
presure of the urine never exceeds that of the 
blood. 

While the composition of the blood con- 
stituents reflected the results of the retention 
of Na and the loss of Cl, the actual magnitude 
of the rise in plasma bicarbonate was slight 
(about 2 m Eq//1) due to the fact that the vol- 
ume of the extracellular fluid was great com- 
pared with the volume of urine produced in 
the experimental period. Following the injec- 
tion of 0.3 M NaCl, Na and.Cl excretion are 
almost equal which indicates the possibility 
that the primary consideration of the nephron 
is no longer base conservation but the restora- 
tion of the normal extracellular osmotic pres- 
sure. The net effect has been the reduction in 
both NH3 and COs, to permit the inclusion of 
a larger fraction of the osmotically active salt 
in the urine. From the computed osmolar 
clearances in the NaCl experiments, it appears 
that little difference exists in the excretion 
rates of hypertonic and isotonic saline. In the 
0.3 M NaCl group, urine osmotic pressures of 
340 mOs/] were observed on the 4th day of the 
experiment. The blood osmotic pressure (350 
mOs/l) was always slightly greater than that 
of the urine in the same experimental animal. 

The 2 series of NaHCO; experiments (Fig. 
3) again illustrate the reciprocal relationship 
between the concentration of urinary NH; and 
the concentration of the non-volatile inorganic 
cations. The NH; output was reduced in spite 
of the increased urine flow. Na was excreted 
more rapidly when given as the bicarbonate 
than when combined with the chloride ion. 
The net effect of the injection of NaHCO; was 
the excretion of NaHCO;. In these experi- 
ments the urinary CO, probably originated 
largely in the extracellular fluid. Although 
plasma pH values as high as 8.0 were observed 
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with plasma NaHCO; levels of 80 mEq/1, the 
decrease in NH; output was probably a direct 
consequence of Na excretion rather than due 
to any change in the pH of the blood. When 
more conservative amounts of NaHCO; were 
given, as is shown in the graph (Fig. 3) of the 
results of the effects of 3.24 mEq per kilo, the 
NH: output was not significantly higher or 
lower than that following the injection of an 
equivalent amount of CaCls. In the CaCl, 
experiments where the plasma bicarbonate was 
decreased 20-30%, and where the urine was 
much more acid than normal, no significant 
increase in NH» was noted. 


The effect of a carbonic anhydrase inhibi- 
tor, Diamox (acetazolamide), is included in 
Fig. 3 for reference. Carbonic anhydrase 
inhibition causes a sharp decrease in CO. and 
a rise in Cl excretion which increases the 
probability that the major share of the nor- 
mal urinary CO, is of renal origin. 

The absolute quantities of K excreted are 
subject to considerable variation. Although 
the molar concentration of K is usually in- 
creased in dehydration (Fig. 1), the total 
quantity excreted is little affected by the in- 
jection of other salts (Fig. 3). It is probable 
that the excretion of this ion takes precedence 
over Na since the alligator is adversely af- 
fected by high extracellular K levels(8). In 
the quantities injected KCl proved to be a 
mild diuretic and KHCO; a good diuretic. 
The increase in NH; output following KHCO; 
injection is probably a consequence of the 
increased urine flow. 

It is difficult to generalize with respect to 
the excretion of the undetermined anion frac- 
tion except to say that it is characterized by 
extreme variability. Many more experiments 
will be required to elucidate the factors gov- 
erning the elimination of the sulfates, organic 
acids, etc. which probably make up this frac- 
tion. 

The dual mechanisms accounting for acid- 
base conservation are illustrated in Fig. 4 
where base conservation was in effect for sev- 
eral days followed by evidence of a much less 
dramatic acid conservation. By expressing 
the urine constituents in mEq/I it is possible 
to follow the changes in urine concentration. 
As dehydration progresses the difference be- 
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FIG. 4. Effect of intraperitoneal injection of 140 ec/kg of 0.15 M NaCl. For the first 5 days 
there is evidence of base conservation. The last 2 days there is evidence of a much less marked 
acid conservation. Avg for 10 alligators. 


tween the levels of Na and Cl diminishes. 
After the animals were allowed unlimited 
water to drink the Na excretion exceeded that 
of the Cl. As before, the mechanism used for 
base conservation involved the decrease in 
CO: to permit Cl excretion, and the mechan- 
ism for acid conservation involved the rela- 
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on urine composition of the alligator. Sodium ex- 
ceeds Cl by a considerable margin for 5 hr. By 
the end of 24 hr effects of epinephrine are no 
longer apparent and urine composition has re- 
turned to normal. Avg for 11 alligators. 


tively greater decrease in NH; as compared 
with COs. 

Acid conservation is more clearly shown in 
the experiments reported in Fig. 5. Epine- 
phrine, which has proved to be a most effec- 
tive diuretic for the alligator, causes the ex- 
cretion of more Na than Cl over a period of 
several hours. The effect is a temporary one 
and by 24 hours after injection, the concen- 
tration of the urinary constituents has re- 
verted to the normal pattern. In view of the 
fact that carbonic anhydrase inhibition in the 
alligator causes an increased Cl excretion, and 
that epinephrine causes an increased Na ex- 
cretion, we felt that the injection of 
the two together might lead to a _ si- 
multaneous increase in both Na and Cl. 
The combined results of such experiments are 
shown in Fig. 6. For a short time both Na 
and Cl were elevated in the urine. As the 
effect of the epinephrine wore off, the carbonic 
anhydrase inhibiting action of the much longer 
lasting acetazolamide became the dominant 
feature and the typical urinary pattern of 
base conservation was again evident. 

Summary. The NH; and COs produced 
by the kidney in normal well hydrated alli- 
gators accounts for over 24 of the osmotic 
pressure of the urine. Since the volume of 
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FIG. 6. Effect of simultaneous injection of 50 
mg/kg of a carbonic anhydrase inhibitor, acetazol- 
amide, and 1 cce/kg of 1/1000 epinephrine on 
urinary composition of the alligator. This com- 
bination causes suppression of both NH, and CO, 
and permits the loss of NaCl. Effects of epine- 
phrine are of shorter duration than those due to 
acetazolamide and by 9 hr base conservation is the 
dominant feature. Avg for 10 alligators. 


urine required to excrete the non-volatile ca- 
tions and anions is normally low, NH; and 
COs production by the kidney appears to 
have a diuretic function. In dehydration, 
NHs3 and COs production decreases, but the 
quantity of extracellular electrolytes excreted 
remains essentially the same as in well hy- 
drated animals. Ammonia and CQO. also 


687 


function in acid and base conservation. In 
inorganic anion excretion, COs production is 
decreased, whereas in cation excretion NH3 
production is decreased. Due to the urine 
“osmolar ceiling’? NH: and COs are decreased 
to “make room” for any injected cations and 
anions. Hydration or the injection of non- 
osmotic diuretics appears to be the only stim- 
ulus to increased NH3 and COs production, 
the blood or urine pH playing no detectable 
part in this mechanism. Since the greatest 
amount of urinary NH; appears in well hy- 
drated animals when the blood pH is normal 
and the urine pH is quite alkaline, NH: or 
NH, appears to have little difficulty in dif- 
fusing into an alkaline urine. 
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Effect of Chlorpromazine on Phosphorylation of Brain Mitochondria.* 


(21695) 


L. G. ABoop. 


(Introduced by R. W. Gerard.) 


From Division of Psychiatry and Department of Biochemistry, University of Illinois College of 
Medicine, Chicago, Ill. 


Since the discovery(1) that 2,4-dinitro- 
phenol (DNP) inhibits oxidative phosphory- 
lation without affecting respiration, a number 
of diverse substances have been found to pro- 
duce a similar effect(2,3,4). DNP is believed 
to exert its effect on phosphorylation by vir- 
tue of its stimulatory action on adenosinetri- 
phosphatase(5,6), but this view is irrecon- 
cilable with the observation that the incor- 
poration of P** labeled(7) and O'* labeled 
orthophosphate(8) is inhibited to a consider- 
able extent by DNP. The present report de- 
scribes another uncoupling agent, chlorpro- 
mazine (CPZ), which differs in many respects 
from DNP in its action on brain mitochon- 
dria, particularly, in that it has an inhibitory 
rather than a stimulatory effect on mitochon- 
drial adenosinetriphosphatase. 


Methods. Isolation of rat brain mitochon- 
dria was done by a method described else- 
where(9). The brains were homogenized in 
20 volumes of 0.25 M sucrose and after re- 
moval of nuclei and cellular debris by centri- 
fugation at 100 x g, the mitochondria were 
sedimented at 10,000 x g for 15 minutes. Oxi- 
dative phosphorylation was determined as 
follows: Each Warburg flask contained (final 
concentration) 0.008 M potassium phosphate, 
pH 7.5, 5 x 10* M ATP-K, 0.008 M mag- 
nesium chloride, 0.015 M potassium fluoride, 
10* M DPN, 2 x 10° M cytochrome c, 0.02 
M potassium pyruvate, 0.001 M potassium 
malate, 0.5 mg yeast hexokinase, 0.004 M 
glucose, and brain mitochondria from 150 mg 
fresh brain in a final volume of 3.0 ml. The 
temperature was 30° and incubation time 20 
minutes. Orthophosphate was determined by 
the method of Fiske and Subbarow(10), 
ATP-ase activity by the method of Dubois 
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and Potter(11) (except that trishydroxy- 
methyl aminoethane replaced barbital buffer), 
and cytochrome oxidase by a spectrophoto- 
metric method described elsewhere(12). 
Results. The effect of chlorpromazine on 
oxidation and phosphorylation is presented iu 
Fig. 1. At a concentration of about 10° M 
CPZ phosphorylation begins to decrease while 
oxidation slightly increases. At a concentra- 
tion greater than 2 x 10° M, as oxidation be- 
comes inhibited, the rate of decrease in phos- 
phorylation becomes greater until the drug 
concentration reaches 4 x 10° M; thereafter, 


TABLE I. Reversal of Inhibition of P/O by 
Washing Brain Mitochondria. Brain mitochondria 
were incubated in complete system with 4 x 10-4 
M concentration of drug for 20’ at 10° during 
which time inhibition of A O and A P was com- 
plete. Mitochondria were then suspended in 290 
volumes sucrose centrifuged at 15,000 x g for 10’, 
and P/O measured in complete system at 30° for 


* This research was supported by contract between 
the Office of Naval Research and the University of 
Illinois, and by grant from Smith, Kline and French 
Laboratories. 


J inhi- 
Cone. AO YA, Nee P/O bition 
M watoms yM 
Control 10-4 3.6 10.0 2.80 0 
CPZ = By5) 9.8 2.80 0 
DNP On 4.5 5.0 Hea 60 


CHLORPROMAZINE AND PHOSPHORYLATION 


TABLE II. Effect of Varying Some Cofactors on 

Inhibition of Phosphorylation by Chlorpromazine. 

Normal system is as described in text with 20 .M 
MgCl, and 15 pM ATP. 


Te 
12) inhibition 

Normal system C 2.75 — 
CPZ 132 52 

Mg, 10 pM C 2.68 == 
CPZ 1.28 53 

Mg, 40 uM C 2.78 — 
CPZ 1.34 50 

ATP, 5 uM C 2.60 — 
CPZ 132 49 

Ca, 0.5 pM C 2.73 — 
CPZ 1.35 50 


C =control; CPZ = chlorpromazine. 


the decrease resumes the initial rate and par- 
allels the inhibition of phosphorylation. In- 
hibition of both oxidation and phosphoryla- 
tion is complete at 2 x 10+ M. It was pos- 
sible to reverse completely the inhibition of 
phosphorylation by CPZ by washing the brain 
mitochondria with sucrose, under conditions 
which left over half the effect of DNP (Table 
I). In order to exclude the possibility of a 
chelating effect of CPZ on magnesium, the in- 
fluence of varying the magnesium concentra- 
tion on the inhibition of phosphorylation was 
examined (Table II). Neither halving nor 
doubling the concentration had any influence 
on the inhibition. When the concentration of 
ATP was decreased from 20 to 5 »M or when 
calcium, which presumably increases mito- 
chondrial permeability(13), was added there 
was no alteration in the inhibitory effect of 
the drug on phosphorylation. 

CPZ inhibited the cytochrome oxidase ac- 
tivity of brain mitochondria 50% at a con- 
centration of 5 x 10°° M, whereas DNP at the 
same concentration was without effect (Table 
III). At a concentration of 10* M CPZ in- 
hibited ATP-ase 31% while DNP was inef- 
fective. 

In a previous report(12) it had been shown 
that a number of structurally related com- 
pounds were non-competitive and readily re- 
versible inhibitors of cytochrome oxidase and 
presumably exerted their effect upon the apo- 
enzyme of the oxidase. The presence of a 
diphenyl moiety in the compounds suggested 
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the possibility that they may have been ob- 
structing the surface of the enzyme molecule 
in such a way as to interfere with its normal 
reaction. Insofar as the structural integrity 
of mitochondria is essential for maximal phos- 
phorylative capacity, it is not surprising that 
a compound such as chlorpromazine which has 
a diphenyl nucleus and can presumably inter- 
fere with structural interrelationships, should 
act as an uncoupling agent. 


In recent years, the uncoupling action of 
DNP and other agents has been attributed to 
the ability of these substances to activate 
mitochondrial ATP-ases(5,6). Chlorproma- 
zine, on the contrary, is almost as effective 
an uncoupling agent as DNP but has rather 
an inhibitory effect on mitochondrial ATP- 
ase, although in concentrations somewhat 
higher than those necessary for uncoupling 
oxidative phosphorylation. Unlike DNP, 
chlorpromazine is an effective inhibitor of 
cytochrome oxidase and in concentrations 
comparable to those necessary for inhibiting 
phosphorylation. Whether any relationship 
exists between the simultaneous inhibition of 
cytochrome oxidase and oxidative phosphory- 
lation is a problem as yet unexplored; but it 
is particularly noteworthy that both cyto- 
chrome oxidase and phosphorylation can be 
inhibited without overall oxidation being af- 
fected. Similarly to a great number of other 
diphenyl compounds(12), chlorpromazine 
seems to be rather specific for cytochrome oxi- 
dase at concentrations less than 10°* M; en- 
zymes such as flavoproteins and dehydro- 


TABLE III. Effect of Chlorpromazine (CPZ) and 

DNP on ATP-ase and Cytochrome Oxidase Actiy- 

ity of Rat Brain Mitochondria. Activity of cyto- 

chrome oxidase is in millimoles reduced cytochrome 

C oxidized/mg N/10’, and ATP-ase is in uM P 
split/mg N/10’. 


Drug % inhi- 
cone. Activity* bition 
 M 

Cytochrome Control 2.00 + .08 — 
oxidase CPZ Sle WY es 405) 50 
DNP SPS < AMR Uy Se a) 3 
ATP-ase Control 11.0 +.5 _ 
CPZ Om 7.6 + .2 31 
DNP WO WIG Be AG 0 


* As mean + stand. dey. 
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genases being insensitive at such low concen- 
trations of the drug. 


Besides being of interest in the study of 
mechanisms of inhibition of phosphorylation, 
the inhibitory effects of chlorpromazine on 
metabolism are especially significant in at- 
tempting to understand some of its effects on 
the central nervous system. In this labora- 
tory, it has been possible to demonstrate a 
preferential inhibition of oxidative phosphory- 
lation in the region of the basal ganglia in 
rats poisoned with chlorpromazine(14). The 
significance of this finding in relation to the 
neurological effects of the drug is being ex- 
plored. 


Summary. Chlorpromazine uncoupled the 
oxidative phosphorylation of brain mitochon- 
dria and inhibited cytochrome oxidase in con- 
centrations not affecting overall oxidation. 
Since the drug inhibits the ATP-ase activity 
of mitochondria, it presumably does not un- 
couple by accelerating high energy phosphate 
breakdown. The suggestion has been made 
that chlorpromazine acts by reversibly alter- 
ing intramitochondrial relationships. 
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proteolytic, dextran edema inhibition. 517. 
muscular dystrophy. 257. 
purine, metabolism, X-irradiation. 155. 
tyrosinase, assay. 576. 
Epilepsy, production experimental. 329. 
Serpasil effect. 276. 
Esophagus, perforation, experimental. 307. 


Fibroblasts, lipides, vitamin By and folic acid 
effect. 459. 
Fluorescein test, parabiosis. 559. 


Glucosamine metabolism. 454. 

Glucose catabolism, tissue. 317. 

Glutamine, gout. 342. 

Glycogen skin, hair growth. 449. 

Glycoprotein, C-reactive protein, serum. 107. 
Glycoprotein serum, cortisone effect. 622. 
Gonad, acid excretion. 592. 

Growth, serine-8 phenyl isomers, influence. 673. 


Hair growth, glycogen skin. 449. 

Hapten, sulfanilazo. 67. 

Heart altitude, acclimatization. 676. 
auricle excitability. 167. 
changes, uremia. 439. 
inflow, occlusion, respiration maintenance. 
lung apparatus. 161. 

Heparin, enzyme activation, blood, 73. 
lipolysis, turbidification, 132, 

Hepatolenticular degeneration, uric acid me- 

tabolism. 427, 

Hexosamine, estimation, tissue. 605. 
synthesis, rat. 25. 

Histamine toxicity, antihistamine, mouse strain. 

457. 
Hodgkin’s disease, red cell inclusions. 507. 
Hormone adrenal corticoid, temperature main- 
tenance, adrenalectomy. 222. 
steroids, adrenalectomy. 193. 
corticosterone, bone marrow. 130. 
cortisone, adrenal effect, starvation. 348. 
globulin plasma. 634, 
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glycoprotein, mucoid level. 622. 
virus-cell interaction. 86, 
DCA, adrenal effect, starvation. 348. 
epinephrine, proteinuria. 624. 
a estradiol, biological properties. 158. 
follicle stimulating, purification. 278. 
gonadotropic, vitellin. 502. 
gonadotropin, spermatozoa release. 484. 
hydrocortisone absorption, test. 419. 
insulin, carbon tetrachloride effect. 574. 
norepinephrine, proteinuria. 624. 
parathyroid, calcium excretion, parathyroid- 
ectomy. 600. 
pituitary gonadotrophin, Monozol effect. 187. 
prolactin, lipoprotein, diabetes. 477. 
steroid, adrenal cortex atrophy, hypothala- 
mus effect. 528. 
blood level. 643. 
testosterone, dental caries. 191. 
thyroid, secretion rate. 203. 
thyrotrophic, wound healing. 596. 
thyroxine, liver, sex difference. 504. 
wound healing, 596. 
Hydrazide isonicotinic acid, Vit. Bg competition. 
519. 
Hypothalamus, adrenal cortex atrophy. 528. 


Immunity, elycoprotein. 571. 
pyrrolidone-polyvinyl effect. 550. 
Infection, dehydroascorbic acid, blood. 581. 
Inflammation, asbestos filter. 89. 
Insulin, [121-labeled. 110. 
“insulinase-inhibitor’. 76. 
Intestine ammonia, antibiotic effect. 138. 
measurement, intubation. 356. 
motility, method. 16. 
Iodide, potassium, cholesterol plasma. 354. 
Isotope Na? half life, plasma. 207. 
Sr9° utilization, rat. 232. 


Kidney, choline deficiency, diet effect. 177. 
distended, physiology. 218. 
excretion, carbon dioxide and ammonia, 682. 
nephrosis, amino acid excretion. 510. 
tubular response, pyrogen effect. 451. 


Lathyrism, ethylamines beta-substituted. 196. 
Levallorphan tartrate, morphine toxicity. 189. 
Lipid-phospho, multiple sclerosis. 124. 
Lipoid, lysis, turbidification. 132. 
Lipoprotein, prolactin effect, diabetes. 477, 
Liver, desulfhydrase cysteine. 594, 
ethanol, metabolism. 663. 
lipid, ethanol intoxication. 246. 
Lung pneumonia streptococcus, protective ef- 
fect. 140. 
Lupus erythematosus cell phenomenon, micro- 
method. 300. 


Mast cell, colchicine effect, 522. 
pituitary, adrenal cortex influence. 631. 
separation. 29. 
Mediastinum, oscillation, 
499. 
Mersalyl, ouabain lethality. 654. 
Milk clotting, pepsin inhibitor effect. 611. 
Mitochondria, brain chlorpromazine effect. 688. 
stain. 666. 


ballistocardiogram. 
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Morphine toxicity, levallorphan tartrate effect. 
189. 

Mucoid serum, cortisone effect. 622. 

the Soh Noe aa production, tissue culture. 

Muscle dystrophy, enzyme proteolytic activity. 
257. ; > 

vitamin E deficiency. 
Nerve multiple sclerosis, phospholipid. 124. 
parasympathetic, bladder. 46. 
Nuclear size, data. 493. 
Nucleoprotein liver, vitamin By» deficiency. 637. 


Ouabain, quinidine, procaine and Mersalyl in- 
fluence. 654. 

Oxygen toxicity, adrenal gland, autonomic drugs 
effect. 617. ; 

Oxypurine, gout. 342. 


Pantethine. 311. 

Parabiosis, fluorescein test. 559. 

Paramecin, killer substance. 541. 

Peptide, glutamyl, excretion. 651. 

Pertussis vaccination, radiation sensitivity. 548. 

Phosphates, calcium excretion, parathyroid- 

ectomy. 600. 

Phosphorus, metabolism, thyroid. 50. 

Phytoflagellate, enzyme formation. 352. 

Pituitary, glycogen histology. 296. 
mast cell tissue. 631. 

Porphyria, acid levulinic, d-amino. 270. 
porphobilinogen. 270. 

Pregnancy, maintenance, progesterone. 444. 
vitamin By» deficiency, nucleic acid offspring. 

463. 

Probenecid, uricosuric effect. 346. 

Procaine, ouabain lethality. 654. 

Prostate, zinc uptake. 556. 

Protein C-reactive, glycoprotein, serum. 107. 
1131_Jabeled. 110. 

Purine antagonists, nucleotide, tumor. 263. 
metabolism, enzyme, X-irradiation. 155. 

Pyrogen, renal tubular response. 451. 

Pyrrolidone-polyvinyl, immunity. 550. 


Quinidine, ouabain lethality. 654. 
Quinoline compound, lymphoma rat, regression. 
230. 


Radiograph auto, cartilage, Ca#® 150. 

Recanescine, pharmacology. 293. 

Respiration maintenance, cardiac inflow occlu- 
sion. 390. 


Rheumatoid serum, serologic factors. 35. 


Salicylate, carbohydrate metabolism. 409. 

Saliva electrolytes, Diamox effect. 273. 

Salivary gland, carcinoma production, organ 

extract. 362. 

Serology, rheumatoid serum. 35. 

Serpasil, epilepsy. 276. 

Sex differences, liver thyroxine. 504. 

Shock, bacterial resistance, phagocytosis. 587. 
vascular collapse. 589. 


Shwartzman reaction, anticoagulant effect. 241. 


Skin parakeratosis, zinc deficiency. 613. 
Sodium, sweat. 60. 
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Spermatozoa, release, gonadotropin effect. 484. 
temperature shock. 6. 
Spinal cord, depressant, benzoxazole-2 amino- 
5-chloro. 565. 
electrode implant. 578. 
Spleen, biochemistry, X-radiation. 394. 
Starvation, adrenal effect, DCA, cortisone influ- 
ence. 348. 
Stomach intrinsic factor, vitamin Byg. 1, 69. 
secretion, duodenal influence. 302. 


ethionine effect. 145. 
Stress, altitude, acclimatization, heart and 
adrenal. 676. 
influenza susceptibility. 543. 
Succinate, metabolism, electrolyte influence. 
OOo: 


Sulfanilazo hapten. 67. 
Sweat, electrolytes, chemical effect. 253. 
Na method. 60. 


Teeth, caries, testosterone effect. 191. 
thyroid effect. 191. 
Temperature maintenance, corticoid. 222. 
Thyroid, chlortetracycline effect. 216. 
phosphorus, metabolism. 50. 
testosterone, dental caries. 191. 
Tissue culture, mucopolysaccharide production. 
Sil 
Toxin-endo, shock, bacterial resistance, vascu- 
lar collapse. 589. 
Pasteurella, comparative studies. 39. 
Tuberculin sensitivity, tubercle bacilli mutants. 
568. 
Tumor, breast, skin and gill extract effect. 315 
experimental nucleotide level aminopterin, 
purine antagonists effect. 263. 
fibroma, infectious. 533. 
erowth, azaserine. 127. 
lymphoma, rat, quinoline compound effect. 
230. 
sarcoma cells, Yoshida resistant. 147. 
subcutaneous production, organ extract. 362. 
specificity, change. 656. 
Typhoid, fowl, vitamin effect. 535. 


Uranyl chloride, adenosinetriphosphatase. 515. 


Veratrum pharmacology. 19. 

Virus arthropod-borne, hemagglutination. 96. 
avian erythromyeloblastosis, neutralization. 

181. 

bluetongue, propagation, hamsters. 678. 
canine distemper, cultivation. 199. 
-cell interaction, cortisone effect. 86. 
Coxsackie, tissue culture. 22. 
encephalomyelitis, eastern equine, pheasant. 


western equine, recovery, bird. 490. 
hepatitis infectious, cytology, egg embryo- 
nated. 236. 
influenza, antigenic studies. 430, 436. 
destruction, Tetrahymena. 479. 
susceptibility, altitude acclimatization. 543. 
inhibition, canavanine. 79. 
-like agent, kidney tissue culture. 8. 
lymphomatosis, chick, immunity. 153. 
meningo-pneumonitis, electron microscopy. 
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mouse ectromelia, recognition. 290. 
mumps, strain differentiation. 370. 
poliomyelitis, chemotherapy. 103. 
color test. 114, 119. 
immunity. 563. 
MEF, inactivation, radiation. 331. 
tissue culture, microscopy phase. 57. 
pH change. 114, 119. 
vaccinia, cultivation. 313. 
vesicular exanthema, cultivation. 209. 


Vitamin anti aminopterin, nucleotide, tumor. 
263. 

Bg, hydrazide isonicotinic acid, competition. 
519. 


By, blood sugar and sulfhydryl, diabetes. 646. 
deficiency, nucleic acid offspring. 463. 
fibroblast lipids. 459. 
intrinsic factor. 1, 69. 
nucleoprotein, liver 637. 

B-complex, serum complement. 179. 

biotin, fatty acid B-methyl-C; metabolism, 

liver mitochondria. 227. 
C, analysis colorimetric. 136. 
deficiency, hexokinase. 415. 
serum iron, 325. 
dehydroascorbic acid, infection. 581. 
I, deficiency, muscular dystrophy, 257. 
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dietary minerals, mouse “paralysis”. 406. 

folic acid, fibroblast lipids. 459. 

fowl typhoid resistance. 535. 

niacin metabolism, isonicotinic acid hydrazide 
effect. 243. 

nicotinamide, M. tuberculosis. 54. 

pyridoxine metabolism, isonicotinic acid hy- 
drazide effect. 243. 

tocopherol, carotene conversion. 482. 

Vitellin, hormone gonadotropic effect. 502. 


Wound healing, thyrotrophic hormone, thyrox- 
ine. 596. 


X-radiation, chlorpromazine effect. 475. 
enzyme, purine metabolism. 155. 
erythropoiesis stimulation. 402. 
fluid diffusion. 472. 
hydration effect. 467. 
liver DPN and DPNH. 412. 
local electrolytes. 249. 
sensitivity, vaccination pertussis. 548. 
spleen biochemistry. 394. 


Zinc deficiency, parakeratosis, pig. 613. 
uptake, prostate. 556. 


